





Q7 
P24 


2A, A- 


Journal 
of 


Chemical Education 


Published by 


yp. im) 


Division of Chemical Education of The American Chemical Society 
Easton, Pa. 


Entered as Second-class Matter, January 31, 1924, at the Post Office at Easton, Pa., under the act 
of March 3, 1859. Accepted for mailing, at special rate of postage provided for in Section 1103 
Act of October 3, 1917, authorized January 31, 1924. 


Copyright, 1931, by Division of Chemical Education, American Chemical Society 


The Journal of Chemical Education is indexed in the Education Index and Industrial Arts Index 





Vol. VIII January, 1931 No. 1 





CONTENTS 

Page 

Editor’s Outlook 
Rous Per RERNICUs, RGGI peso ag co 525 500 i icl pis aode mais diate ee tea eden vinta ee ae ee 1 
TRE BIN CEIOG INU MRUOESIE oo. 5. 3 8 c's01 sc tidova's ein Wal eats Ow noes. ee nee 3 
CORTETINOTAGY ING Wake <5. 6c aie hee ele oii Be ice oleae wie baie eee eee 5 
“Bp WA AI ons ook Sean re od idee or AA Doe a No 6 
Rubber: Newer Theoretical and Practical Developments. Harry L. FISHER.... € 
The Education of Spanish Women in Chemistry. Mary Louise Foster........ 30 
Chemistry in Prehistoric American Arts. FLORENCE M. HAWLEY.............. 35 
The Life Layer of the World. R. R. McKippin. A Correction................ 42 
Pierre Auguste Adet: byMan C. NEWREE...<. 66:00. -4 06 desas aces dcwe wend awe 43 
Becclecalisty,, © AimpPatiiic Diy. CBU BE ie goa ral a. ote crane caste ude ueels 3 a ifhed 110 we 49 
An Ammonia World. W. CONARD: FERNELIUS::. 05). sc0.c8 cose ein ceucewseses 55 


Symposium on ‘‘The Qualifications of Chemistry Teachers”’ 
Present Status of Teacher Training in the United States. BEN W. FRAzIER. 63 
The Qualifications of Chemistry Teachers in Secondary Schools. WILHELM 


SSG EON oo ore, ove oeerain orarareh scare ciel Malo eect Peter aia A a ena 83 
The Qualifications of Chemistry Teachers in Colleges and Universities. NEIL 
UR GORDON aso ooo die = tacos a, oes sida vayay Slgleiaco eager ease a Sie oa, Ree eee 88 
The Training of Teachers in Service. B.S. HOPKINS..................26: 95 
Report of the Committee on Preparation of High-School Chemistry Teachers. 
Pin Py CORB a oS oa 5. doses Ao cow eg areracos ord Aim Sos ee Re orescence ee Ta a 102 
An Introduction to the Practice of Organic Chemistry. GARFIELD POWELL...... 107 
The Teaching Load of College Chemistry Instructors. AxEL L. JOHNSON....... 115? 
Visual Area tm @hentiedh MeateattOt: We... 6c 6c.c 5 cco near nn arene ts te wate ee va eae 128 
Films Available for Use in Chemistry Classes. ........ 0.5. cc ccc tecce sew enccenes 132 
Chemistry Laboratory Fees. V. F. PAYNE AND LyDA May SMILEY.. a eae at ee 
An Atomic Model Contest for High-School Students. WALTER B. Dye. .. 140 
A Brief Lesson in the Chemistry of Pig Iron. G. T. FRANKLIN................. 143 
Geystallizationss. Eire Wises oe ooo: os. o:< ooo a ahel cna 6:6 oho Mesrasa Seiad eens els eee 149 
A Modification of the Standard High-School Experiment on the Destructive 
Distillation of Soft Coal. G. L. FLETCHER AND IRVING FINE............... 150 
More Effective Individual Laboratory Instruction in General Inorganic Chem- 
istry. II. An Experiment on Molecular Weights. W.E. BRapT.......... 152 
An Inexpensive Buret Support. H. ARMIN PAGEL................0-2 eee eeees 160 
Débereiner’s Triads and Atomic Numbers. Jack P. MONTGOMERY............. 162 
Correspondence: 


Supplementary Directions for Preparing Solutions for Demonstration of 
Changes in Ionic Equilibria during Chemical Reactions. JoHNSHAW.... 163 


£ 


t 
‘ 





JOURNAL OF CHEMICAL EDUCATION 


Abstracts: 
Apparatus, Laboratory Practice, and Demonstrations..................... 
Teaching Objectives, Methods, and Suggestions.......................-4. 
Administrative Problems and Devices; Curricula......................... 
GSE STP LO Pa e lel CS LS) 9 1 2a en 
Scientific Reviews and Bibliographies................ 0.0... cc ccc wee e wees 
is ltyeerntenbeveteLlatterg cho) cl (se ere ae 
Educational Meastrementsand Data... ....... 0. occ secs cece cesses sess 
AUS ie ALSO AGO RU CUICO ETON 56,6556. 6. 66. 520 ole ee cdcw he EG order eace WB Rea ee were Bee 
FUER OLE SG P20) ies C10 rT Re 
Ia MIE AERP OEE Tc en Bs 0 se sO ted heh cy nde a ellg So 
Contemporary News and Comments in Chemistry and Education. Stes Se 
Foreign Chemical and Educational Conditions.................8......00. 


Contemporary News in Chemistry and Education: 
Preliminary Announcement, Indianapolis Meeting, A. C. S., March 30- 
April 2, 1931; Change of Rules in 1930-31 A.C. S. Prize Essay Contest; Regional 
Meeting of A. C. S. at Oberlin College; William Barton Rogers Honored at 
University of Virginia; Light Color Change Is Most Important Discovery of 
Raman, Hindu Nobel Prize Winner; Hans Fischer Wins Nobel Prize Award 
in Chemistry; Money to Aid Research Offered American Scientists; Educa- 
tional Reorganization at the George Washington University; The All-Uni- 
versity Curriculum of the University of Minnesota; Fellowships and Scholar- 
ships for Study in Foreign Countries Open to American Students; The Elec- 
trochemical Society Weston Fellowship in Electrochemistry; Guggenheim 
Fellowships for Latin America; International Institute of Intellectual Co- 
operation; The American Association for the Advancement of Science; 
Montana Section, A. C. S.; Dr. McPherson Visits Local Sections, A. C. S.; 
Massachusetts Institute of Technology; New Science Building at University 
of Nevada; Jackling, Utah Copper Developer, Wins Mining Honor; Einstein 
in the United States; The Dow Chemical Company; Dr. Bogert Reappointed 
by Department of Agriculture and National Research Council; Ellwood Hen- 
drick; Death of Lord Brotherton; Perkin Medal; Scheele Medal; Department 
Changes at Middlebury College; Department News of the Tulane Uni- 
versity of Louisiana; Staff Changes and Department Progress at The Ohio 
State University; Department Changes at the University of Chicago; Uni- 
versity of Buffalo; University of Florida; Ira Remsen Society of the School 
of Mines and Metallurgy, University of Missouri; Department Changes and 
Activities at the University of Virginia; Colloid Lectures at University of 
Wisconsin; Dr. Hale Lectures in Interest of American Chemistry.......... 


OR OE Tie 2S ONG SS Ser oer ee Pe DROME ar iecg evan Baie earn Werte Peet 9 yh URU RMR ctl RA hr 





164 





rh 


as 















EDITOR’S OUTLOOK 


HE subject of this month’s frontispiece is known to fame chiefly for 
his success in working out a process which made possible the syn- 
thesis of ammonia on a commercial scale and which thus revolutionized 
‘ industry and agriculture. Fritz Haber, who received the 
Fritz Haber, : Pisiegee . ; 
1868- Nobel award of 1918 for this contribution to chemistry, is 
not, however, a man whose legacy to posterity consists of 
this service alone, signal though it is. Of wide intellectual and social 
interests, Haber has been unable to confine his versatile powers and has 
in fact cultivated them to an unusual degree and with far-reaching 
results even within the bounds of specialization. 

Haber was born in Breslau on December 9, 1868. His early training 
at the humanistic gymnasium of St. Elizabeth aroused in him a deep 
interest in philosophy and literature as well as science, but it was to 
chemistry that he decisively turned in his eighteenth year in the choice 
of acareer. A semester at Berlin under Helmholtz and Hoffman proved 
unsatisfactory; for the meticulous analytical procedures of Bunsen’s 
laboratory at Heidelberg he had neither taste nor patience; and after a 
brief interlude of commercial work, and of study with Ludwig Knorr, we 
find the wandering young scholar contentedly settling down in 1894 at 
Karlsruhe where he found opportunity so much more to his liking that 
he spent there the ensuing seventeen years. These brought him into 
association with Bunte and Engler, and although Haber has always held 
these great teachers in affectionate regard, it would seem that his de- 
velopment was not greatly influenced at any time by professors or direc- 
tors but was impelled rather by powers within himself which were irre- 
sistibly drawn to the problems presented to his creative intelligence. 

His first appointment at Karlsruhe as Bunte’s assistant left him a great 
déal of freedom, which he utilized in working out privately his early 
studies in electrochemistry. He taught gas-chemistry, as well as that of 
dyes and textiles, at the Technische Hochschule and lectured of his own 
choice to a few special students who shared his enthusiasm for electro- 
chemistry. His researches throughout the Karlsruhe period covered the 
theory of the pyrogenic reaction of aliphatic compounds, the combustion 
of illuminating gas, the water-gas equilibrium in the Bunsen flame, the 
decomposition of gases in a very hot flame, and the constitution of the 
inner cone of the Bunsen flame. To organic chemistry he contributed 
an explanation of the reduction of nitro-compounds; to inorganic, the 
preparation of pure carbon from carbonates during electrolysis; to tex- 
tile chemistry, a new process of color printing. 

It was in the latter half of the Karlsruhe period that Haber interested 
himself in the reactions of nitrogen and, in collaboration with Le Ros- 
signol, after many disappointments, succeeded in 1908 in constructing an 
apparatus, which by the use of high temperature and pressure, and the 
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selection of osmium and uranium as catalysts, achieved the first direct 
synthesis of ammonia. At the advice of Engler, the Badische Anilin 
Soda Fabrik became interested in the process and sent its representatives 
to look over the apparatus which was turning out 100 cc. liquid ammonia 
per hour. The history of failures among the investigators who had been 
working at the problem for years had produced an attitude of scepticism 
toward it, and when the company’s representatives arrived, the little 
model refused to work. Mittasch, however, remained in patience and 
when the apparatus was restored to operation, he must have visualized 
beyond it the great system of nitrogen fixation plants of which it was the 
beginning. The company took over the process, it passed from the 
laboratory to the factory, and the two huge plants which arose speedily 
at Oppau and Merseburg became the nucleus of an industry that formed 
immediately a very great factor in the economic life of Germany. 

During the World War Haber served on Germany’s war-ministry as a 
member of the group of scientists who endeavored to conserve and use 
to best advantage the raw materials with which the country was so ill 
supplied. His knowledge of gas-chemistry gave the German army the 
method of projection which was used in the first gas-attack at Ypres and 
he it was who organized and directed thereafter the development of 
knowledge in gas offense and defense and the instruction of the military 
organization in their use. 

His war service over, Haber returned to face discouragement and diffi- 
culty in the way of readjustment to his normal scientific pursuits. He 
had established in 1911 the Kaiser-Wilhelm Institute for Physical and 
Electro-chemistry at Dahlem, in which, from its beginning, important 
researches were carried on under a system which permitted every pos- 
sible freedom to the individual worker, while the investigations de- 
veloped in coérdination under a director beyond whose vision or experi- 
ence it would have been difficult for his subordinates to expand. The 
financial resources of this institute, however, were withdrawn during the war. 
The 1918 Nobel award to Haber partly smoothed his way, and gradually 
but surely he drew together again a staff of physicists and physical and 
colloid chemists of distinction. He continues still in the direction of the 
institute, his latest interests being in the field of biological and agricultural 
chemistry. 

Willstatter, a friend of Haber, has outlined the qualities of the man in 
a few telling strokes: “breadth of vision, depth of thought and per- 
ception, love of new and often unconquerable kingdoms of thought, 
wealth of ideas and of verbal expression, warmth of feeling.’”’ “His 
greatness,” he says, “‘lay in the conception of ideas of a scientific nature. 
The stimulation, the plan, the method were to him more important than 
the result. Creative work pleased him more than the completed task.” 
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As an illustration of this, we may cite the story, told by Willstatter, of 
Haber’s experiments to determine the gold content in sea-water and to 
work out a method of extraction. Search of the north and south Atlantic 
and of the Polar seas revealed at best a pitifully small proportion of the 
metal, but when Haber was asked about his attitude as to the results, he 
replied, “If there was no gold, there will at least be a fine book.’’ Haber 
began as a youth to seek “‘for the causes of things’; with friends and 
associates, in art and in science, in the history of the past and of the 
present, in national and international concerns, his search has continued, 
and has made his life an intellectual adventure whose zest has never 
failed. 

HE American University has come in for its full share of the ““debunk- 

ing’’ which has been applied of late years to American institutions 
in general and American education in particular. A great deal of the 
resultant criticism has been superficial—amusing or ex- 
asperating according to one’s temperament and affilia- 
tions. Some of it has been truly analytical and has shown 
a reasonable regard for what can be as well as for what would be desirable 
if possible. Some of the critics and pseudo-critics leave one with the 
impression that their wails proceed from the same cause as those of a 
distressed infant. They are unhappy; they don’t quite know why, and 
they have no very clear idea what can be done about it; but somebody 
should do something. Others have in mind more or less definite ideals of 
what a university should be and more or less definite ideas about the re- 
spects in which the American University falls short of those ideals. Some- 
times they lay their ideals before their readers; sometimes one has to divine 
them for himself. 

A surprisingly large number of criticisms (and among these we find one 
of the most recent, most entertainingly written and most devastating 
commentaries) proceed from the thesis that the American University 
should be essentially a duplicate of the best of the European universities. 
Or perhaps it would be more accurate to say of the mental picture of a, 
first-rate European university which the critic has evolved. The ques- 
tion which we desire to raise at this point is whether or no that thesis is 
defensible. 

Is there, in fact, such a thing as an ideal university which might be set 
up anywhere, with only minor modifications in concession to its political, 
sociological, and economic environment? Or should the university be a 
natural outgrowth of the society and the philosophy in which it springs 
up? It is necessary to answer these questions in our own minds before 
we can evaluate some of the criticisms which are leveled against the 
American University. For many of the most frequently and loudly de- 
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nounced characteristics of the American University are precisely those 
characteristics which stamp it indelibly as a consistent portion of the 
American scene. 

We are told that the American University in general is not sufficiently 
exclusive—that it admits entirely too many students who are incapable, 
both by reason of temperament and of mental equipment, of benefiting 
by education on a university level. We are told that it devotes a major 
portion of its resources and energies to education on a secondary level. 
We are told that too much of its work is vocational rather than schol- 
arly—that, for the most part, it trains rather than educates. If these 
things were not so, it might be a more dignified and in every way more 
admirable institution, but it would not be American. 

Consider for a moment a few of the fundamental tenets of our Ameri- 
can creed. In the first place we are irrevocably committed to the prin- 
ciple that one man is as good as another. No one is expected to believe 
it; in fact, not even the inferior man actually does believe it. But we 
do demand that public institutions and individuals in positions of public 
trust shall abide by the fiction. In the educational field we are forced 
to rationalize this myth to a certain extent. We say it means that all 
men are by right entitled to equal opportunities. Some of us hedge a 
little more and say that every man is entitled to all the opportunities of 
which he can make good use. Obviously, this latter qualification is sus- 
ceptible of more than one interpretation. It may, but seldom does, 
mean that a student incapable of benefiting by university instruction 
has no right to enter a university. On the other hand it may, and often 
does, mean that, if the university as constituted has nothing to offer a 
certain grade of student, it ought to add to its stock in trade. 

It is thus a natural consequence of our political and social philosophy 
that the university should be regarded by the majority of our people, not 
as an independent institution with ideals and objectives of its own, but 
as a servant of the people. In this point of view the state universities 
perforce concur unanimously, and to it practically all of our privately 
endowed universities make substantial concessions. So much for the 
matter of entrance requirements and for the secondary level at which a 
great deal of the work of the American University is done. 

What we have already said has its bearing upon the vocational aspects 
of American University ‘“‘education.’”’ Our national economic structure 
is such that great numbers of students who feel themselves entitled to 
such distinction as a university degree may confer and who can pay the 
bills and pass the examinations must look forward to earning a living 
eventually. They and their parents feel that they must combine voca- 
tional training with education. 

But there is another influence at work also. It is the American venera- 
tion of industry, per se. In order to maintain an appearance of respecta- 
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bility every American must spend the best years of his life in working at 
something, no matter how inconsequential, whether he needs the money 
or not. It is nobler by far to sell stocks to suckers, or to yawn through 
board meetings, than to engage in the pursuits of a scholar and a gentle- 
man. In short, we have no leisure class in the better sense of the term. 
Wasters and idlers we have, and retired captains of industry who have 
“earned the right to a rest,’’ but other than these, nothing. We have 
patrons of the arts and sciences, but very few economically independent 
amateur practitioners of them. 

The conclusion of the matter is that American life is vocational and 
that the American University to some extent takes its color from Ameri- 
can life. In America there is little demand for truly scholarly education 
except among prospective professors, and the demand is by no means 
unanimous among them. The American University adapts itself to the 
demands of its customers. 

To argue that other agencies should have been set up to meet these 
demands and that the universities should have held aloof is, we believe, 
to attach a disproportionate importance to the names of things. No one 
argues that it is impossible to obtain a true university education in 
America, any more than any one argues that it is impossible to have a 
prescription filled at an American drug store. The chief criticism is that 
both the American drug store and the American University dispense so 
many gadgets and gim-cracks that the functions which are suggested by 
their names are entirely overshadowed. 

We suggest that many of the critics who deplore the status of the 
American University are either over-impressed by names or over- 
preoccupied with symptoms. The American University is one of the 
inevitable symptoms of American life. If that is fundamentally de- 
ranged, little can be accomplished by administering nostrums to the 
universities. 


HE replies to a recent questionnaire indicate that only about one- 
third of the readers of the JOURNAL OF CHEMICAL EDUCATION have 

been interested in the former Local Activities section. A number of 
readers made the remark that in their opinion the space 
so employed could be put to better use. In considera- 
tion of these facts, but with due respect for the desires 
of readers who are interested in current events in chemistry and educa- 
tion, we are substituting for the Local Activities a section devoted to 
Contemporary News in Chemistry and Education. The department will 
differ from the old chiefly in that items of purely local interest will be 
omitted. Which is to say that the paragraphs which formerly prefaced 
the Local Activities will be less liberally interpreted and more strictly 
adhered to. 
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14. 


16. 
17. 
18. 
19. 


20. 


21. 


22. 


THE DIALYZER 


(For questions 1-3 see pages 7-29.) 


Describe the process by which the naturally occurring rubber hydrocarbon is 
purified. 

Describe briefly the physical structure of rubber. 

What is the reaction between sulfur and rubber during the process of vulcanization? 


What opportunities for women in chemistry exist in Spain? (pp. 30-4.) 
What were the chief pigments used in the pottery of the inhabitants of prehistoric 
America? Distinguish chemically between two of the common black ones. 
(pp. 35-42.) 
Who was Pierre Auguste Adet? What part did he play in the phlogiston contro- 
versy? (pp. 43-8.) 
(For questions 7-9 see pp. 55-62.) 

Compare water and ammonia with respect to solvent power. 
If the water in our world were replaced by ammonia, would there be any icebergs? 
What type of life could exist in an ammonia world? 

(For questions 10-13 see pp. 63-106.) 
Are the salaries of chemistry teachers in the United States commensurate with the 
training required of them? 
Discuss four major present-day problems confronting the directors of teacher 
training in this country? How should our educational programs be modified to 
meet these? 
Compare qualifications of chemistry teachers in secondary schools with those of 
chemistry teachers in colleges. 
What are the advantages from the point of view of teacher training of the present 
university system of employing graduate student-teachers? Disadvantages? 

(For questions 14-15 see pp. 107-14.) 
What proportion of a first-year course in organic chemistry should be devoted to 
practical work? 
What details of preparation would it be necessary to give students in order that 
they could prepare caffeine from tea? 
During the school year 1929-30 how was the teaching load distributed among 


‘ chemistry teachers of the United States? , (pp. 115-27.) 


What slides are available for use in chemistry classes? (pp. 128-32.) 
Are rubber bricks practical for paving? (p. 132.) 
Is there any uniform policy used by colleges and universities in assigning chemistry 
laboratory fees and deposits? (pp. 133-9.) 

(For questions 20-1 see pp. 143-8.) 
What substances may be found in a representative sample of pig iron? 
Of three iron ores, hematite, limonite, and magnetite, which would be most valu- 
able for pig iron manufacture if each contained the same percentage of iron com- 
pound? 


How might an assignment on molecular weights be outlined in order to utilize the 
student’s originality? (pp. 152-9.) 

(For questions 23-5 see pp. 180-97.) 
What meeting was recently held in the home town of Charles M. Hall, the dis- 
coverer of aluminum? 
Who are the Nobel prize winners in physics and in chemistry for the year 1930? 
For what achievements were these awards given? 
What fellowships and scholarships for study in foreign countries are open to 
American students? 
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RUBBER: NEWER THEORETICAL AND PRACTICAL 
DEVELOPMENTS* 


Harry L. FISHER, UNITED STATES RUBBER COMPANY, PASSAIC, NEW JERSEY 


The yield of plantation rubber 1s being increased from 350 to 1000 pounds 
per acre by means of bud-grafting. Latex can be vulcanized. The impor- 
tance has been shown of some of the non-rubber constituents in the manufac- 
ture of rubber goods. The highly purified rubber hydrocarbon has been sepa- 
rated into rather indistinct components, and has been crystallized and even 
distilled. The chemical structure of natural and of synthetic rubber, and of 
the newer chemical derivatives, is discussed. X-ray studies show a definite 
alignment of fibers when rubber 1s stretched, and the fibrous nature of stretched 
rubber has been proved experimentally at low temperatures. Vulcanization, 
aging, and the newer applications of rubber in lining chemical apparatus 
for preventing ice formation on airplanes, in upholstery, rugs, etc., are sum- 
marized. 


A glance at the subject of rubber in the two decennial indexes and the 
last three annual indexes of Chemical Abstracts reveals the following 
interesting facts: 


Articles on Rubber Published during Last Twenty Years 


Av. no. of Columns 


Index No. of columns per Annum 
Decennial, 1907-16 19.25 1.9 
Decennial, 1917-26 30.1 3.0 
Annual, 1927 6.75 
Annual, 1928 8.5 8.45 
Annual, 1929 10.1 \ 


This table shows the great increase in the number of articles published 
on rubber today as compared with the number published ten and twenty 
years ago. Every one is, of course, familiar with the wonderful growth 
of the rubber industry, and it is worth noting that the technical literature 
has kept pace with this growth. The rubber goods manufactured in this 
country today are valued at around a billion dollars, and a moment’s 
reflection will convince any one of the necessity of these goods for satisfy- 
ing many of life’s multitudinous daily requirements. 

It was a matter of good fortune that the rubber plantations were be- 
ginning to bear when automobiles were being manufactured in quantity 
because the amount of rubber produced in the Amazon Valley and in 
Africa could not have taken care of the growing needs of this important 
industry. In 1910 the plantations produced only 11,000 tons of crude 
rubber but last year they produced 826,000 tons; and in the same years 
Brazil and the rest of the tropical world produced 83,000 and 28,000 tons, 

* Presented before the Rhode Island Section of the A. C. S., at Brown University, 


October 16, 1930. 
a 
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Ficure 1.—Bup Sprout Two MONTHS 
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respectively. The full meaning of 
these figures becomes apparent when 
it is realized that the manufacture 
of tires and tubes last year required 
almost 700,000 tons or about eighty 
per cent of the total crude rubber 
produced. 

Scientific development work on 
the plantations has had much to do 
with their phenomenal growth, and 
one of the newest and most interest- 
ing of these developments is that of 
bud-grafting (1). There is considera- 
ble variation in the yield of rubber 
from individual trees and at present no 
method is available for predicting the 
future yielding capacity of a seedling. 


However, good yielding trees remain good yielders and poor yielders re- 


main poor yielders. 


It happens that a bud reproduces the characteristics 


of a mother plant, and when a bud from a high-yielding tree is grafted to 
a one-year-old seedling in the nursery and subsequently transplanted to 


the field, the new tree usually is a high yielder. 


This method is not yet 


practiced generally but where it has been practiced the yield of crude 


rubber has been increased from 
about 350 Ib. to 1000 Ib. per 
acre. Figure 1 illustrates a 
bud. sprout two months old. 


Latex 


Rubber is obtained from the 
milky exudation of trees, 
shrubs, and vines, belonging to 
several large botanical families 
which grow chiefly in the tropi- 
cal zone. The most important 
family is the Euphorbiaceae and 
its chief genus is the Hevea 
brasiliensis, practically all the 
rubber of commerce being ob- 
tained from this famous rub- 
ber tree. The milky exudation 
or latex is contained in micro- 
scopic tubes in the cortex layer 




















A. Cortex and latex-bear- A. 
i B 


Transverse Section of Stem 


FIGURE 2 
Transverse Section of Cortex 
Outer bark 


ing tissue . Groups of stone cells 
B. Wood tissue occurring throughout 
the cortex 


C. Rows of latex vessels 

D. Wood tissue which is 
separated from the cor- 
tex by the cambium. 
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between the bark and the cambium (Figure 2). The latex is not the sap 
and in fact is quite different from it. The sap travels up and down the 
tree in the cambium layer, a very thin layer separating the cortex from 
the wood tissue. About two-thirds of the latex is water and the remain- 
ing one-third is a mixture of solid materials of which about eighty-five 
per cent is the rubber hydrocarbon. 

The rubber hydrocarbon mixed with or surrounded by some of the 
insoluble non-rubber constituents exists in the latex as minute particles 
suspended in the watery solution. Some of the particles are visible under 
a good microscope, some only under an ultra-microscope, and some are 
not visible at all. Those microscopically visible vary from 0.5 to 3y 
(0.0005-0.003 mm.) in diameter, and exhibit the usual Brownian move- 
ment. Each particle carries a negative electric charge. It is probable 
that each particle is 
made up of many 
much finer particles 
and that the size and 
shape depends on the 
number and the man- 
ner in which these 
finer or ultimate par- 
ticles have combined. 
Von Weimarn (2), 
whose photographs il- 
lustrate this paragraph 
(Figure 3), describes 
latex as a polydisperse 
system of iso-aggre- 
gate particles with a 
general liquid-jelly consistency. The description given above is a free 
translation of his explanation. 

When an acid is added to latex, the particles, as seen under the micro- 
scope, cease their Brownian movement, coalesce and form strings or clots. 
To the naked eye, the latex becomes a semi-solid mass; the result of coagu- 
lation. On the plantations dilute acetic or formic acids are generally 
used. The coagulum is white and resembles a soft cheese. When squeezed 
much of the water is forced out and there remains a very tough coherent 
mass. The coagulum, squeezed between two iron rollers, each one driven 
at a different speed, and washed at the same time with running water, 
forms the pale crépe of commerce. When squeezed between even-speed 
rollers and dried in a smoke house, it becomes smoked sheet. The latex 
without being coagulated can be spray-dried in a chamber filled with 
warm air, and there is thus formed a very homogeneous crude rubber, 
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FIGURE 3.—LATEX PARTICLES 
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known as L. S. rubber, 
containing all the Jatex 
solids. 

Fresh latex is ap- 
proximately neutral, its 
pH being 7.0-7.2. It 
coagulates a short time 
after tapping because 
of the presence of acids 
formed by bacterial ac- 
tion on the non-rubber 
constituents. Latex can 
be preserved by the ad- 
dition of ammonia, for- 
maldehyde, etc., and 
at the present time, pre- 
served with ammonia, 
it is shipped in tank 
steamers from the plan- 
tations to this country, 
where it is finding con- 
siderable use in the new 
developments of rubber 

LaTex FLowINc From Tappinc Cur in Bark anp ‘Manufacture. 
DRIPPING INTO CUP Preserved latex 
“creams” on standing, 
just as milk does, but the cream from latex contains chiefly the rubber 
hydrocarbon, whereas that from milk contains chiefly globules of fat. 
Creaming can also be carried out by the addition of certain hydrophilic 
agents, such as Irish moss, gelatin, ammonium alginate (3). It is pos- 
sible by successive treatments to concentrate creams to about seventy-five 
per cent of the rubber hydrocarbon, and at the same time remove most 
of the soluble non-rubber constituents. Such concentrated creams have 
the consistency of butter but can of course be diluted to any extent by 
the addition of water (4). 

Crude rubber can be redispersed to form an artificial latex (5). This 
is done by mixing into it, in a partially enclosed mill similar to a Werner- 
Pfeiderer mixer, a hydrophilic colloid, such as glue, soaps, and certain 
clays, and then slowly adding water. At first the water mixes into the 
batch just as the other ingredients mix in, but later the mixture reverts 
and then the rubber which in the beginning was in the outer phase is now 
in the inner phase. The water-in-oil type of mixture inverts to an oil- 
in-water type. Artificial latexes have properties very similar to those 









































COLLECTING STATION 
All tapping coolies in the division bring their latex daily to the collecting station 


where it is weighed and emptied into the storage tank up the stairs. Ammonia to the 

amount of one-quarter of one per cent is added to the contents of the tank as a pre- 

servative. The small tanks on the ground at the right contain pure aqueous ammonia. 

Directly underneath the storage tank in the shed is one of the narrow-gage tank cars. 
\ 
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of natural latex and are being used in several commercial applications. 

Although acid coagulates latex, it is possible to make the latex acid 
(6) without coagulating it by adding certain protective agents; for ex- 
ample, the sodium salt of the reaction product obtained by condensing 
naphthalene and isopropyl alcohol in the presence of sulfuric acid. An 
acid latex thus prepared will remain stable indefinitely. 

Latex can be vulcanized by heating it with alkali polysulfides (7). On 
coagulation or direct drying, it gives a product which has most of the 
characteristics of a typical vulcanized rubber. 


The Non-Rubber Constituents 

In a thirty-three per cent latex about one-sixth of the total solids, or 
five per cent of the latex, consists of the so-called non-rubber constituents, 
and about nine-tenths of these by weight remain with the rubber hydro- 
carbon after the coagulation, washing, and drying. Although crude rubber 
owes its chief properties to the presence of the rubber hydrocarbon, never- 
theless, the non-rubber constituents play important parts in the manu- 
facture and the properties of rubber goods. For example, the proteins 
and their decomposition products act as accelerators of vulcanization and 
aid in toughening the vulcanized rubber (8); the fatty acids react with 
such important compounding ingredients as the oxides of zinc, lead, and 
magnesium, and form salts which are soluble in the rubber and have 
much to do with the action of accelerators (9); and the liquid sterols present 
are powerful antioxidants and are chiefly responsible for the preservation 
of crude rubber (10). Acetone is generally used to extract most of the 
non-rubber constituents, and this procedure is an important part of rubber 
analysis. The materials extracted with acetone are called “resins,” and 
the amount is two and one-half to three per cent of the crude rubber. 
The fatty acids present are chiefly oleic and linoleic and a small amount 
of stearic (9). Other organic substances besides those mentioned above 
are quebrachitol, which is a methyl ether of inositol (a cyclic sugar), a 
phytosterol, a phytosterol glucoside, a sterol ester of a fatty acid, d-valine, 
n-octadecy] alcohol, a ketone, Cis;H2O, and a hydrocarbon, CisHes (9, 10). 
The inorganic portion is made up of sodium, potassium, calcium, and mag- 
nesium phosphates and a small amount of sulfate. Mention should be 
made that certain crude rubbers do not vulcanize very well and are there- 
fore known as off-grade rubbers. This difficulty is due to a deficiency 
in the amount of fatty acids, which are removed in the course of prepa- 
ration. The addition of stearic acid to these rubbers makes them vul- 
canize normally (9). 


The Rubber Hydrocarbon and Its Purification 


The old method of purifying the rubber hydrocarbon was to dissolve 
acetone-extracted crude rubber in benzene, let the solution stand until 
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WEIGHING THE SPRAYED RUBBER 


The sprayed rubber before pressing is light in weight and resembles angel cake in 
color and texture. 

Sprayed rubber is removed from the trays or movable floors and carted to the baling 
room adjoining. There it is weighed and separated into the amounts required in the 
standard compressed bale of 200 pounds each. A careful brushing with a steel wire 
brush is given the rubber before it is put in the compressor. 


the insoluble particles separated out, then precipitate the hydrocarbon 
by pouring the solution into alcohol (11). Repetitions of this procedure 
give a fairly pure rubber hydrocarbon but it still contains some protein 
and other non-rubber constituents. Fractional precipitation of a pe- 
troleum ether solution in acetone gives a better product but it also is not 
always free from nitrogen (12). When acetone-extracted rubber is allowed 
to stand in petroleum ether or dry ethyl ether a goodly portion of the rub- 
ber hydrocarbon is dissolved out and diffuses into the solvent (13, 14). 
This so-called diffusion rubber upon evaporation of the solvent is a very 
pure product but it accounts for only sixty to seventy per cent of the origi- 
nal hydrocarbon. 

The best method of obtaining the total rubber hydrocarbon in a pure 
state is to treat latex (15) in an inert atmosphere with alkali, warm to 50°C., 
and allow it to cream; then repeat the alkali treatment a number of 
times with the cream and finally remove the remaining alkali by dialysis. 
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The rubber hydrocarbon is then coagulated by the addition of acetone 
or acetic acid, extracted with acetone to remove any remaining resins, 
and dried in a high vacuum. -Such a product in thick pieces is colorless, 
transparent, elastic, and non-tacky. By this method it is possible to ob- 
tain a purified rubber hydrocarbon with a nitrogen content of less than 
one-hundredth of one per cent and free from protein. 

The purified rubber hydrocarbon can be separated into two portions 
by extraction with absolute ether, the ether soluble portion being called 
“‘sol-rubber”’ or alpha-rubber and the insoluble portion ‘“‘gel-rubber’’ or 
beta-rubber (15). This separation, however, is not exact because even 
after ten days of continuous extraction a constant condition is attained 
where only a very small but weighable amount goes into the ether each 
day; finally, after long treatment, it all dissolves (16). The portion ordi- 
narily insoluble in ether amounts to approximately thirty-five per cent, 
but with other solvents it is somewhat lower. Sol-rubber is very elastic 
and gel-rubber is very tough and not so elastic. Both types give ex- 
cellent analytical figures long known for that of the rubber hydrocarbon, 
(CsHs);. 

Crude rubber was not a familiar substance to most people until recently 
when it has been seen as crépe rubber soles. It should be stated, how- 
ever, that most of the ‘‘crépe rubber’”’ soles used today are in reality vul- 
canized rubber soles made to look like crépe rubber. Crépe rubber is 
tough, strong, resilient, and elastic, and in such a state it is not possible 
to mix into it the necessary materials for vulcanization and manufacture. 
However, when it is worked between the rolls of a rubber mill it is ‘broken 
down’’ or masticated and becomes soft and plastic. Then it is possible 
to mix compounding ingredients into it. After vulcanization, the mixture 
shows the same general properties which it originally had, but to a much 
greater degree. Furthermore, it now holds these enhanced properties 
over a much greater range of temperature. 

It is not known just what takes place when rubber is broken down. 
The process has been described as one of depolymerization and also as 
one of disaggregation. If it is the first type, then it is a chemical process; 
if it is the second type, it is a physical process. If it is depolymerization, 
then the unsaturation of the rubber hydrocarbon should increase per unit 
of weight but no such change has been noted, provided oxygen is kept 
away during the process (17). The increase in unsaturation may, how- 
ever, be so small that it cannot be detected by any of the known methods. 

It is of interest to note that the gel-rubber mentioned above, when 
broken down on the mill, in an atmosphere of carbon dioxide to prevent 
oxidation, becomes soluble in ether, and when ether solutions of sol-rubber 
are evaporated, after standing, traces of gel-rubber, insoluble in ether, 
are found. These are interesting points because it is believed by some 
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that these two different types can be changed one into the other in crude 
rubber under different conditions. Whether sol-rubber, however, is sim- 
ply disaggregated gel-rubber and whether gel-rubber is aggregated sol- 
rubber still remains to be seen. 

The pale crépe of commerce is yellow in color. Ordinarily it would be 
dark colored, because bacterial action causes the formation of various 
colored materials, but this action is prevented in the preparation of good 
pale crépe by the use of sodium bisulfite. The yellow color has now been 
found to be due to the presence of carotene (carotin), CyoHse (18). This 
yellow coloring matter, which is widely distributed in the vegetable king- 
dom, exists in the original latex to the extent of about 0.1 mg. per 100 
grams of thirty-five per cent latex. It can be removed by extraction with 
acetone. 

The chemical structure of the rubber hydrocarbon still remains chiefly 
as it was worked out by Harries (19) as follows: 


| CH3 | 
—CH,—C=CH—CH2— Jx 


Considerable work has been done by Pummerer (20) and by Staudinger 
(21) in an effort to show whether the molecule consists of a ring, or whether 
it is a long open chain with free valences at the ends. Up toa short time 
ago, the longest ring known was made up of only nine carbon atoms. 
Therefore, it was difficult for chemists to accept the idea of much larger 
rings existing in nature. However, Ruzicka (22) and his students have 
prepared much larger rings, one of them C3oH¢o, consisting of thirty car- 
bons and furthermore, they have shown that the chief constituent of nat- 
ural civet, civetone, Ci7H2O0, contains a ring of seventeen carbon atoms. 
Further work on this question will be watched with considerable interest. 
Synthetic rubbers can be made by the polymerization of isoprene, but 
the only definite synthetic work that has been done to help substantiate 
the above formula for rubber is that by Midgley and Henne (23). They 
found that when metallic potassium is placed in isoprene, and ethyl alco- 
hol slowly added to the mixture, a good yield of a light yellow oil results 
which upon analysis proves to be a mixture of 2,6-, 2,7-, and 3,6-dimethyl- 
2,6-octadienes. These isomers are the three possible dihydro dimers of 
isoprene resulting from a junction at the 1,4-, the 4,4-, and the 1,1-carbon 
atoms, respectively, and the addition of hydrogen to the 1,8-positions of 
each dimer. No trace of a compound of cyclic nature was detected. 
These results help to prove that the synthetic rubber produced by con- 
tact of isoprene with the alkali metals is a long chain or a large ring formed 
of isoprene units linked together by means of their 1 and 4 carbon atoms. 
The methyl groups would not necessarily be in regular order as they 
probably are in natural rubber. The structural formulas of isoprene 
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and of the three dimethyloctadienes are given below, and also a possible 
skeleton structure of a section of a synthetic rubber chain (24). The 
numbers are the same in all cases, and the junctions of the isoprene units 
are indicated by longer bonds. If such a synthetic rubber were ozonized, 
it can be seen that the decomposition products would be levulinic aldehyde, 
succinic aldehyde (or acid), and acetonyl-acetone. As a matter of fact, 
these are the products actually obtained, although the proportions vary 
considerably, levulinic aldehyde being the greatest in amount (25). 
CH; CHs CH; 
CH::C-CH:CHe CH;:C:CH:CH,.—_————CH:C:CH:CH;s 
1 23 4 1 23 4 1 23 4 
Isoprene 2,6-Dimethyl-2,6-Octadiene 
CH; CH; CH; CH; 
CH;-C:CH-CH:——CH:2CH:C:CHs CH;-CH:C-CH:——CH?-C:CH:CH; 
1 ‘ 4 4 3 21 4 3 21 1 23 4 
-Dimethyl-2,6-Octadiene 3,6-Diinethyl-2,6-Octadiene 
Cc Cc Cc 


ye 


—C—C=C—C——C—C=C—C C—C=C—C——_C—C=C—C——_ 
1 oe = Ss a 2 i | 2 ae 4 
SECTION OF POSSIBLE CHAIN IN SYNTHETIC RUBBER 


Chemical Derivatives 


It has been known for a long time that bromine, hydrogen chloride, 
hydrogen bromide, and sulfur add to rubber to form definite combinations, 
according to chemical analysis. Hydrogen has now been added catalyti- 
cally (26, 27), and this reaction proves beyond a doubt that the unsatura- 
tion of rubber is similar to that of olefins of finite molecular weight. This 
point had previously been disputed. The hydrorubber is somewhat 
like paraffin, is not affected by the usual vulcanizing agents, sulfur and 
sulfur chloride, and reacts with bromine only by substitution. Oxygen 
(26) also adds in the presence of a catalyst to form a saturated compound 
(CsHsO),, and a compound with the same composition results from the 
action of perbenzoic acid (26) on rubber. Rubber bromide reacts with 
phenol and its homologs with the loss of hydrogen bromide and the for- 
mation of a phenol derivative (28), which can be alkylated (29, 30), 
esterified (30), and even coupled with diazo-compounds to form dyes 
(30, 31). Nitrosobenzene (32, 33) and rubber form a _nitrone, 

O 


CsHs: N-CsHs. Ethyl o-nitrosobenzoate reacts similarly, and the prod- 
uct on hydrolysis gives the free acid which is insoluble in water. The 
potassium salt is soluble; its solution has the character of a true salt solu- 
tion and therefore it is a colloidal electrolyte with a colloidal anion and 
molecularly dispersed cation. 
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When rubber hydrochloride is heated in solution with pyridine it is de- 
composed and the (C;Hs), compound regenerated is a mixture of isorub- 
bers (34). However, when the hydrochloride is heated in solution with 
more hydrogen chloride in the presence of zinc dust (35, 36), it is also 
decomposed; the product has the same composition as rubber itself but 
the unsaturation is much less than that of the original rubber. It is be- 
lieved that the loss of some of the double bonds is due to formation of in- 
ternal cycles, and the rubber is said to be polycyclicized or isomerized. 
Several different types of these isomerized products can also be made by 
heating rubber with organic sulfonyl chlorides and organic sulfonic acids 
(37). They are thermoplastic, that is, they can be molded under heat, 
and resemble gutta-percha, hard balata, and shellac, according to the 
method of treatment. The silent electric discharge also isomerizes rubber 
(38). Sulfuric acid on rubber 
in solution (39), or heated 
directly in a rubber mix (37), 
produces somewhat similar 
products, although when pre- 
pared in solution they are 
usually insoluble and practi- 


cally non-thermoplastic. 


Physical Structure of 
Rubber 


Crystals of Rubber.—A 
few years ago Pummerer 
and Koch (12), working 
with a purified rubber hy- 
drocarbon prepared by frac-  Fygure 4.—Crysrats or RUBBER HYDROCARBON 
tional precipitation, on al- 
lowing it to cool after an acetone extraction, noted that a portion of 
it separated in the form of crystals. The chemical analysis showed 
them to have the formula (C;Hs), and crystallographic analysis indicated 
three crystalline varieties in six different crystalline formations. One of 
their photographs is shown in Figure 4. Others tried to repeat this 
work but failed and it is the understanding of the writer that even Pro- 
fessor Pummerer has not been able to obtain these crystals again. Re- 
cently, Dr. W. H. Smith, working under Dr. E. W. Washburn of the Bureau 
of Standards, has isolated similar crystals from ether solutions of purified 
rubber at low temperatures, and an announcement of this work has been 
published in the newspapers, and in the Bureau’s Technical News Bulletin 
(40). Crystalline ether sol-rubber was obtained at 60° to 70°C. below 
zero from ether solution, and crystalline ether gel-rubber was obtained 
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at approximately 80°C. below zero from a mixture of ethyl benzene and 
ether. The crystals show bi-refringence under polarized light. 

Distillation.—Now that rubber has been crystallized, the even later 
announcement that rubber has been distilled is not so exciting. The 
same Technical News Bulletin that told of the re-accomplishment of the 
crystallization of rubber also tells of the distillation of rubber. This 
was done without decomposition by heating it in a high vacuum to the 
temperature of boiling water. The distilled rubber has all the common 
characteristics of ordinary rubber, but the rate of distillation is not 
great, only a few milligrams being obtained during several months (47). 

Solution.—The rubber hydrocarbon dissolves or is dispersed in ben- 
zene, gasoline, chloroform, carbon bisulfide, anhydrous ethyl ether, etc. 
It is not known, however, whether the particles in these colloidal solutions 
consist of molecules of the rubber 
hydrocarbon or of aggregates of them. 
In fact, it is not known whether the 
molecules are of the same size or not. 
Staudinger (42) is of the opinion that 
the molecules of rubber are large, 
macromolecules, that they contain 
about one thousand isoprene nuclei 
in a long chain, and that the great 
length of these chains gives the char- 
acteristic properties of high viscosity 
to rubber solutions. 

When a solution of rubber is boiled 
Ficure 5.—X-Ray Dirrraction Par. 40F several hours in the ordinary ap- 
TERN FOR UNSTRETCHED Raw Russer paratus unprotected from air, and 

then cooled, its viscosity is found to 
be very much less than before the heating. However, if oxygen is rigidly 
kept out of the solution, the viscosity afterward is the same as before. 

X-Rays.—X-ray studies (43) have shown that unstretched raw rubber 
produces a diagram typical of an amorphous material, that is, a single, 
broad, diffuse ring (Figure 5). As raw rubber is stretched beyond seventy- 
five per cent elongation, the X-ray diagram shows a marked change. 
In addition to the amorphous ring, which is always evident but decreases 
in intensity with increase in elongation, there appear definite interference 
spots which become sharper and more distinct the greater the stretching, 
but retain the same positions (Figures 6 and 7). The entire phenome- 
non is reversible if the sample is not too strongly stretched, the amorphous 
diagram being obtained again when the tension is released. If, however, 
the rubber is stretched very slowly, no interference spots appear at all. 
When the rubber is stretched, cooled, and then released, the interferences 
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remain unchanged. When the stretched 
rubber is heated, the interferences be- 
come less intense and disappear at 
60°C. They also disappear when the 
stretched rubber is placed in an atmos- 
phere of the vapor of a solvent such 
as benzene. The intensity of the dif- 
fraction interferences increases in di- 
rect proportion to the percentage elon- 
gation of the stretched rubber, and this 
increase in intensity is explained by 
the continual appearance of new dif- 
fracting crystal-like individuals. The FicurE 6.—X-Ray DIFFRACTION 
evidence seems to support the conten- aon FOR RAW RUBBER STRETCHED 
tion that the crystals do not exist as such ” 

prior to the stretching, although rubber which has stood for some time at 
low temperatures and has become opaque and hard, gives a pattern of sharp, 
concentric rings, indicative of small crystal grains in random orientation 
(44). The same general results with X-rays have been obtained with 
both sol- and gel-rubber and with eighteen different samples of crude 
rubber from various parts of the world. It is evident, therefore, that the 
structure of raw rubber as revealed by this method is independent of the 
type or the origin of the rubber and is directly related to the structure 
of the rubber hydrocarbon (45). Also, the stretching of rubber is a mo- 
lecular, not a macroscopic, phenomenon. 

X-ray studies also indicate that the rubber hydrocarbon consist of 
iong chains of isoprene groups and that these long chains probably exist 
as spirals which form definitely aligned 
fibers when the rubber is stretched. 
Further work in this field will be 
awaited with considerable interest. 

If a strip of raw rubber is stretched 
while warm and cooled quickly, under, 
tension, it remains as a thin strip and 
is then known as “racked rubber.” 
If the tension is released and the 
racked rubber warmed, it will con- 
tract, but not to its original condition. 
Some of the strains are evidently 

Ficurs 7.—X-Ray Duirrraction  1102en in.” Repeated racking may 
PATTERN FOR VULCANIZED RusseR stretch the rubber to 9000 to 10,000 
Sraercaep 500% per cent elongation (46). Such racked 


Note sharpness of spots as compared ; 
with Figure 6. rubber shows a very intense X-ray 
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FIGURE 8.—RAW RUBBER, 
UNSTRETCHED AND STRETCHED, 
FROZEN AND THEN SHATTERED 
Note the fibrous structure of 

the stretched rubber. 


diagram. If stretched or racked rubber is 
frozen with liquid air and then struck with a 
hammer, it splits into fibers. Unstretched 
rubber under these conditions shows a 
conchoidal fracture. Hock (47), who did 
this work, was also able to show the same 
effect with “diffusion” rubber and, working 
at lower temperatures, with vulcanized 
rubber. He reasoned, therefore, that the 
fibrous structure is a property of the mole- 
cules or molecular aggregates common to 
all modifications. The accompanying photo- 
graphs (Figures 8 and 9) show very well 
the fibrous structure of these different 
rubbers. 

Rubber, upon being stretched, gives off 
heat, and, when it is immediately allowed 
to return to its original position, becomes 
cold again. This generation of heat during 
the stretching, which is known as the Joule 


effect, is the opposite of what happens with 


most substances. For example, if a piece 
of copper or steel is stretched, it absorbs 
heat and becomes colder. Recent data show 
that the amount of heat evolved is directly 
proportional to the degree of elongation (48), 
just as the intensity of the X-ray diagram is 
also directly proportional to the degree of 


elongation. 


When a solution of rubber in petroleum 
ether is allowed to form on mercury a film 
insufficient to cover the entire area, its thick- 
ness as given by Sheppard, Nietz, and 
Keenan (49) is only 1.5 A.* This is very 
small as contrasted, for example, with a 
molecular film of stearic acid on water 
which is 21 A. thick. It appears, there- 
fore, that the rubber particle is of the 
“macromolecular” type and lies very flat 


under such conditions. 








FIGURE 9.—VULCANIZED 
RUBBER, UNSTRETCHED AND 
STRETCHED, FROZEN AND THEN 


* A—Angstrém unit. 1 A—0.0001 micron or SHATTERED 


1/100,000,000th cm. 


Note similarity to raw rubber. 
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Vulcanization 


When a mixture of rubber and sulfur is heated under proper condi- 
tions at ‘‘vulcanizing’”’ temperatures, around 140°C., there takes place 
a gradual change from a plastic tacky mixture to a very elastic, very 
strong, non-tacky product, which is familiar to all in the form of rubber 
bands, inner tubes, etc. In the industry this condition is designated as 
a good “‘cure.”’ The early stages are known as “under cures,’’ and the 
later stages, when the product on longer heating becomes weaker, as ‘‘over 
cures.” The most important difference between raw and_ vulcanized 
rubber is the increased resistance to plastic flow, or its permanent set. 
Properly vulcanized rubber, when stretched and allowed to return, goes 
back practically to its original shape, whereas raw rubber does not. Fur- 
thermore, this stretching and returning can be done many times without 
causing any particular change in the original shape. The time of heating 
for a good rubber-sulfur cure, in the absence of an accelerator, is about 
three hours, and such a vulcanizate 
will contain at least two and one-half 
per cent of combined sulfur. With 
larger amounts of sulfur, a limiting ad- 
dition-product, (C;HsS),, is formed, 
which contains thirty-two per cent of 
sulfur. Ordinary commercial hard rub- 
ber approaches this product, since it 
contains twenty-five to thirty per cent 
of combined sulfur. Sulfur is soluble 
in both raw and vulcanized rubber, and 
the portion uncombined with the hy- 
drocarbon, the “‘free’’ sulfur, slowly 
crystallizes out on the surface as a 
grayish powder, commonly known as 
“bloom.” 

There is no doubt that during vulcanization sulfur adds chemically to 
the rubber, but this fact does not fully explain vulcanization. No one 
has ever been able t6 isolate any of the addition products except the one 
containing thirty-two per cent of sulfur: the sulfur in some way seems to 
combine with the entire mass of rubber. It is not even known whether 
an atom adds to a double bond forming*an ethylene sulfide type, or whether 
two atoms unite with two double bonds forming a bridge either in the 
same molecule or between different molecules or aggregates. 

There have been many theories of vulcanization other than the sulfur- 
addition theory put forward by different investigators, but it is not pos- 
sible to discuss them here. For those who are especially interested the 
following references may be helpful (50). 





DRITIC FORM OF SULFUR CRYSTALLIZ- 
ING IN A RUBBER-SULFUR MIXTURE 


i) 
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Acceleration 


Accelerators (51) of vulcanization not only shorten the time of vulcaniza- 
tion, but also make it possible to use lower temperatures and to obtain 
products with enhanced physical properties and frequently with better 
aging qualities. Accelerators are used in small amounts, approximately 
0.01 to 1.0 part with 100 parts of rubber. Zinc oxide is often necessary 
for proper activation of the accelerator. Inorganic accelerators such as 
litharge and magnesia have been known for a long time, but organic ac- 
celerators, used commercially in 1906 by Oenslager (52), were first given 
to the world in the published patents of Bayer and Co. (53) in 1912. Oen- 
slager used aniline and thiocarbanilide, and the Bayer patents disclosed 
the use of piperidine and its CS,:-addition product. The latter is typi- 
cal of an ‘“‘ultra-accelerator.’’ In its presence rubber can be vulcanized in 
two to three minutes at 140°C., and on standing for several weeks 
at ordinary temperatures. It will also gel a rubber cement containing 
sulfur and zinc oxide. Most organic accelerators contain nitrogen, some 
nitrogen and sulfur, and some, such as the xanthates, sulfur but no nitrogen. 
They apparently act by causing the formation of an active form of sulfur. 

Aging 

A rubber band around papers set aside in a drawer became hard and 
brittle, the side wall of an automobile tire cracked and crumbled, the 
rubber covering of a raincoat allowed to remain in the sun on the beach 
changed to a sticky mass; these familiar changes are typical of the aging 
of ordinary vulcanized rubber. All rubber goods, however, do not de- 
teriorate like these. The old red hot-water bottles and red rubber bands 
showed excellent keeping qualities, and on this account even today many 
people still think of rubber as being red. These articles were vulcanized 
with crimson antimony sulfide (a polysulfide), and for some little under- 
stood reason such articles age very well. Nowadays very little “crimson 
antimony” is used, but since people have been so used to the splendid 
aging qualities of the goods manufactured by its use, articles are made 
with a red dye added to imitate the color and an organic “‘age-resistor”’ 
to assure proper keeping qualities. The short life of ordinary rubber 
goods has kept rubber from being used in many places where it would be 
of great assistance, especially in building operations, machines, etc., and 
now that its life can be prolonged considerably, whole new fields have been 
opened up. 

Aging is the result of the action of air and light, separately or together. 
Only comparatively recently have chemists studied this question inten- 
sively, and they have found that certain chemicals can be added to rubber 
to prolong its life. These chemicals are termed “‘anti-agers,’’ ‘‘age-re- 
sisters,” or ‘‘antioxidants.”” They are usually organic compounds, and the 
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most useful have been the condensation products of aliphatic aldehydes 
and aromatic amines (acetaldehyde and aniline, and acetaldol and a- 
naphthylamine), and the phenyl naphthylamines. It is easy enough to 
test a chemical for its action as an accelerator of vulcanization because the 
time factor is small, but ordinary aging requires a long time. In order 
to provide an accelerated aging test, Geer (54) used an oven in which 
strips of rubber were hung and through which warm air, previously heated 
to 70°C., was passed. The strips of rubber were removed every other 
day during two weeks and tested for reduction of tensile strength and 
elongation. This method gives good predictions except for articles con- 
taining traces of copper or for those exposed to sunlight (55). Another 
method, and one very widely used today, is that devised by Bierer and 
Davis (56). The test pieces are kept in a bomb under 300 pounds pres- 
sure of oxygen and at about 60°C. This test is much shorter, and, as in 
the Geer oven test, conclusions may also be drawn from the tensile strength 
and elongation. It does not predict sun cracking. 


Newer Practical Developments 


New accelerators and new antioxidants are being developed, these 
generally being modifications of older well-known classes. It has been 
calculated that the use of accelerators and antioxidants has saved the 
consumers upwards of $50,000,000 annually (57). Much work is also 
being done on developing new and better methods for doing older, well- 
known operations. 

Engineers are making more and more use of rubber in order to take ad- 
vantage of its remarkable resistance to abrasion and its shock-absorbing 
quality. This is partly made possible through the developments of ad- 
hesives for bonding rubber to metal (58, 37). In an automobile the engine 
literally rides in rubber through the use of rubber motor mounting blocks, 
and spring shackles are embedded in rubber. Chemical equipment is 
lined with rubber, and thus the strength of steel and the resistance of rubber 
to corrosion are combined in building important apparatus. Ball mills 
for grinding minerals, steel chutes, pumps and valves, barrels, tanks 
tank cars, etc., are lined with rubber, and the rubber vulcanized in place. 

A very novel and important development is the use of rubber on the 
forward edge of airplane wings and struts for preventing the formation 
and accumulation of ice (59). The rubber is specially treated to keep 
ice from adhering to it, and when in position it can be stretched by the 
action of inflatable rubber bags placed underneath and controlled from 
the cockpit. Thus a former terror of the aviator in winter will henceforth 
be eliminated. 

Probably the most interesting manufacturing developments are being 
made with latex. The extent of these developments can be seen from the 








26 JOURNAL OF CHEMICAL EDUCATION JANUARY, 1931 














FIGURE 10.—WEeEB CorD FaBRICc MANUFACTURE 


figures for importations of latex during the first six months of 1930, namely, 
18,501,966 gallons, which is equivalent to about 2360 tons of dry rubber. 
A very large proportion of this amount is used for the manufacture of web 
cord fabric (60) for automobile tires. The separate cords are passed 
through a bath of properly prepared latex, dried, and then run side by side 
over a roll from which they emerge as a sheet of fabric held together by 
the adhesiveness of the rubber surrounding the cords—a fabric which 
is all warp and no woof, so to speak. (See Figure 10.) 

Latex is also used for impregnating paper (61) to give it greater flexing 
and to increase its bursting strength. Impregnated animal hair is used 
for stair treads and non-slipping rugs (62), and impregnated paper and 
cloth with a coating of finely ground wool, leather, or cork is said to be 
an excellent imitation of suede and buckskin (63). Mohair upholstery 
(64) with the base of the fibers embedded in rubber now adorns many 
automobiles, and rugs made similarly are filling a growing demand. 

Thickened latex, formed by creaming as mentioned above, or by evapora- 
tion in the presence of a protective agent (Revertex) (65), is used in many 
places where solutions containing flammable solvents were formerly em- 
ployed. Fabrics can be spread with such a thickened latex, and gloves 
can be dipped in it, without any danger of fire or explosion. Sealing com- 
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positions are made from it for air-tight pressure cans (66), also adhesives 
for shoes (67), and special mixes for making sponges (68). Inner tubes 
for automobiles can also be formed on a filtering medium (69). 

Since the rubber particles in latex carry a negative charge of electricity 
they can be made to deposit electrolytically on a metal anode (70). Such 
a coating is sometimes filled with holes from gases given off at the same 
place, but this difficulty can be obviated by placing the anode in an elec- 
trolyte inside a porous form, and then the rubber deposits in a uniform 
layer on the outside of this porous form (71). The first method gives a 
rubber-coated metal, for example, a rubber-coated wire basket, and the 
second method gives a tobacco pouch, a bathing slipper, an inner tube, 
all depending on the porous form used. 

As mentioned above latex can be vulcanized and such vulcanized latex 
can be used direct for coating fabrics, for making thin sheet rubber, etc., 
without further vulcanization (7). 

Rubber goods prepared directly from latex are very strong and durable, 
probably because the rubber has not been worked on a mill and calender, 
which process produces a grain and also “‘breaks down’”’ the rubber. 

With plenty of rubber at a low price and with every reason to expect 
there will continue to be plenty of it at a reasonably low price, the rubber 
industry looks forward to many new and useful developments. It pre- 
sents an enticing field in which to study and work. 
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Strange Parasitic Plant May Be Good Food Source. A plant with flowers but no 
leaves, that gets most of its food by tapping the roots of other plants and grows to be 
ten or twenty times as heavy as its host, yet without causing the latter any apparent 
injury, was described before a recent meeting of the National Academy of Sciences by 
Walter T. Swingle of the U. S. Department of Agriculture. It has the further distinc- 
tion of being good for human food, and of maturing a good crop on as little as three 
inches of rain a year—believed to be a record for food plants possible in dry regions. 

It was originally discovered about eighty years ago in the desert near the California- 
Mexico boundary, but until a little over a year ago remained a great rarity. Now, 
however, it has been rediscovered in great abundance, and has received its first thorough 
botanical study. The part used for food is the thick, fleshy root, in which the plant 
stores water and a reserve of food material. The original discoverers found the Papago 
Indians using it for food, and when they tried it roasted over a fire they found it very 
good. Mr. Swingle suggested that inasmuch as no other useful plant can be induced 
to grow in this arid region, it might be worth the white man’s time to follow the lead of 
the Indian on a larger scale.—Science Service 








THE EDUCATION OF SPANISH WOMEN IN CHEMISTRY 
Mary Louise Foster, SMITH COLLEGE, NORTHAMPTON, MASSACHUSETTS 


Conservative Spain is changing its ancient form of education, according 
to which the textbook was memorized page by page, for the modern scientific 
methods. This has been accomplished through the influence of a group of 
men and women, inspired by the reformer, Don Francisco Giner de los Rios, 
and organized by the Government under the name of the ‘‘Junta para amplia- 
ci6n de los estudios cientificos.” This ‘“‘Junta’” or Board established ‘‘Resi- 
dencias’”’ modeled after the English college, with laboratories and libraries; 
offered fellowships for study abroad; and provided places for study and re- 
search for the returning Fellows. The women have shared in these oppor- 
tunities and now, on graduation from the University of Madrid, are registered 
and allowed to practice as pharmacists, chemists, dentists, lawyers, or physi- 
cians, according to their choice of career. 


Education in the sciences, based on practice in the laboratory, has been 
slow to develop in Spain. Not only were the ancient methods of instruc- 
tion of memorizing the text opposed to the modern methods but the 
excessive cost of laboratory maintenance was prohibitive. However, 
changes are coming rapidly, have, in fact, already come in the University 


of Madrid, due to the influence and unremitting efforts of a splendid 
group of men and women who are inspired by the highest ideals for edu- 
cation. 

This group is known as the “Junta para ampliacion de los estudios cientifi- 
cos” (board for the extension of scientific studies), a government organiza- 
tion, the members of which were, for the most part, students of Don Fran- 
cisco Giner de los Rios, a much-beloved professor of the University of 
Madrid. The Secretary of the Junta is Don José Castillejo, who for 
many years has given the most active, unselfish, and intelligent service 
to this cause of education. The methods of reform initiated here have 
been in general those of England and Germany. They consisted in the 
first place of Residencias with dormitory facilities combined with recita- 
tion rooms and laboratories similar to the English college; and, secondly, 
of fellowships for study abroad. On the return of these fellows, the need 
of libraries and laboratories for research was recognized and, slowly, these 
too have come into existence. Means for publication of the results of 
study and research have been supplied. Organized in 1903, the work of 
these enthusiasts for modern education is now bearing fruit. 

The University of Madrid, founded by Cardinal Cisneros of the Court 
of Ferdinand and Isabella, has always been open to women, who, how- 
ever, seldom availed themselves of this opportunity for study. The women 
more than the men have held to the customs of seclusion derived from 
Moorish influence. This custom has changed slowly, but steadily and 
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more rapidly in recent years. In 1920, when I first came in contact with 
Spanish education, most of the women students of the University were 
registered in the School of Pharmacy, always a favorite with them in Spain. 
There were only one or two studying chemistry pure and simple. Edu- 
cation in chemistry consisted in committing to memory the words of the 
textbook. Can you imagine a more Herculean task! I remember that 
one of those girls, a student of mine at the time, said to me that she ex- 
pected to fail the final examination because she could not remember 
that in experiment 20 on page 62, 10 cc. of HCl of sp. gr. 1.01 were re- 
quired, whereas in experiment 40, on page 75, 5 cc. were required! Let 
me say here that she did not fail, that she owns her own pharmacy with 
two laboratories in Malaga and last summer toured Germany in her own 
automobile! ’ 

The instruction in laboratory practice at that time was limited to a 
couple of weeks for each section. It was not because the professor advo- 
cated that method, but because the class was very large and the laboratory 
very small. There was no laboratory at all in the Residencia for women. 

On invitation of the Junta in codperation with the International Insti- 
tute for Girls in Spain, an American organization with a splendid record 
for secondary education, I went in September, 1920, to teach American 
laboratory methods to those young women of the University of Madrid, 
residing in the Residencia de Senoritas of which Dofia Maria de Maeztu 
is the able director. I offered courses of four hours a week in qualitative 
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and quantitative analysis. 
Every place was eagerly sub- 
scribed for and four sections 
were organized with the lab- 
oratory filled to capacity. 
In spite of many handicaps 
in an equipment, which, in 
absolutely no sense, equaled 
even the simplest and poorest 
of our laboratories, enthusi- 
asm and hard work prevailed 
and those students acquired 
before the end of the course 
a good technic and certainly 
an understanding of scienti- 
fic method. Many of those 
first classes now have their 
own pharmacies in different 
cities of Spain. They are 
real pharmacies for the prep- 
aration and sale of medi- 
cines, with absolutely none 
of our American accessories 
of lunch-counter, cosmetics, 
and candy. Another young 
woman is head of her section of vaccines in the Provincial Laboratory 
of Zamora; two others are physicians and one is a dentist; still another 
is connected with the Customs Laboratory. It is evident that the women 
are penetrating every branch of professional life. 

The work of those first two years was continued with success by my 
assistants. In June, 1927, I returned to Madrid, again on invitation cf 
the Junta and the International Institute for Girls in Spain, to draw 
plans for the equipment of a new laboratory* which they had erectud 
in the meantime in the garden of the Residencia de Senoritas and to super- 
vise the installation of gas, water, and desks. As far as I was able, I 
reproduced my own laboratory in Smith College. Two laboratories were 
furnished, one for qualitative analysis with places for twenty-two students 
and another for quantitative analysis with places for ten students. The 
laboratories were opened for use in January, 1928, to the great delight of 
the students. The luxury of having their own desks with full equipment 
of reagents, apparatus, and other necessities was a new experience and 





Dona Maria DE MAEzTu Y WHITNEY 
Directora of the Residencia de Sefioritas. 


* Editor’s Note: This laboratory was dedicated on March 1, 1928, and was appropri- 
ately named the ‘‘Foster Laboratory” after the author of this article. 
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they entered into the full: eng: 
joyment of it with enthusiasm: - 

In the university itself 
changes had come. Adjoining 
property had been purchased 
and in 1928 laboratories with 
modern equipment for teach- 
ing inorganc, ana ytical, and 
organic chemistry were opened. 
A library was also established 
in the same building. More 
students were registering for 
strictly professional work, for 
pure chemistry and for medi- 
cine; a thesis was being re- 
quired and research was being 
initiated for the Ph.D. degree. 
And before the end of the 
academic year, Professor 
Casares, head of the depart- 
ment of chemistry, sailed with 
others for the United States 
to study the ground plan and 
organization of our American 
universities for the benefit of 
the new Ciudad Universitaria 
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ALICE GULICK MEMORIAL BUILDING, MaAprRID, 


SPAIN 


This building contains the library, recitation 
rooms, and part of the Residencia de Sefioritas. 


which is being erected in honor of Alfonso XIII. One building is already 


in use. 


The great and pressing need, far greater than the same need in the 
United States, is the education of the women in the chemistry and scientific 








FosTER LABORATORY, RESIDENCIA DE SENORITAS, 
MADRID 





use and preparation of food. 
Courses in domestic science 
and economy and the relation 
of food to health are in my 
opinion very, very much to be 
desired; in fact the very sort 
of thing which the American 
Chemical Society is inaugurat- 
ing in the United States with 
the help of the women’s 
clubs. Unfortunately, there 
is no similar organization in 


Spain. 
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LABORATORY FOR QUALITATIVE LABORATORY FOR QUANTITA- 
ANALYSIS TIVE ANALYSIS 


Foster Laboratory, Madrid. 


The Instituto nacional de fisica y quimica, constructed under the patronage 
of the Rockefeller Foundation, now nearing completion, the Laboratorio de 
Ramon y Cajal for biological research, the Museum of Natural History 
for agricultural study, all offer opportunity for scientific research, but the 
application of much of this to the home and to the betterment of daily 
living is lacking. Undoubtedly it will come, for I have found the Spaniard 
eager to take advantage of the new methods although change in ancient 
customs usually comes by slow modification, and people for the most part 
actively resent reform in their manner of living. 


Calcium Chloride Used in Coal Treatment. Coal to which 30 or 40 pounds of 
chemicals have been added for each ton to allay dust should be sold without allowance 
for the additional weight of the chemicals, in the opinion of I. L. Miller, commissioner 
of weights and measures of Indiana. 

But the purchaser should clearly understand that the coal has been chemically 
treated, it has been held. Use of the phrase, ‘‘dustless coal,’’ was condemned as convey- 
ing a wrong meaning because after treatment the fine particles which make up dust are 
still in the coal though they are not floating around in air. 

Calcium chloride, a deliquescent chemical, meaning that it absorbs quantities of 
water rapidly and holds it a long time, is widely used for this treatment. It is the same 
dust-allaying agent often applied to earth, gravel, and stone roads. Coal sprinkled 
with water will liberate dust again as soon as it dries, whereas calcium chloride and similar 
materials are effective for a whole year.— Science Service 




















CHEMISTRY IN PREHISTORIC AMERICAN ARTS 


FLORENCE M. HAWLEY, ARIZONA STATE MUSEUM, UNIVERSITY OF ARIZONA, TUCSON, 
ARIZONA 


Simple chemistry, as a result of long observation rather than as a science, 
was of considerable importance to primitive people who employed it in the 
production of their arts. Pottery of prehistoric America illustrates a prac- 
tical comprehension of the selection and preparation of clays and tempering 
material that, under their crude firing, would produce shapely water-proof 
vessels. Even more exact knowledge is postulated by the use of mineral paints 
in decoration, for many of these change color in firing. Certain plant juices 
were used in combination with hematite to produce a certain black pigment. 
Through chemical tests we can distinguish several types of black paints which 
prove to be characteristic of definite areas and of aid to the archaeologist in 
locating pieces of pottery. 


The importance of chemistry in the advances made toward the material 
comfort and progress of our modern civilization has almost obscured the 
part played by that science in the development of primitive man. The pre- 
historic nomad was compelled to roam over a large territory to obtain his 
food of nuts, berries, and game. He developed the art of basketry, but he 
knew nothing of pottery. He could not have used clay vessels had he dis- 
covered how to make them, for fragile pottery will not endure extensive 
transportation. 

Increase in population and the consequent decrease of area over which 
an individual might hunt his food was probably responsible for the begin- 
ning of agriculture. Agriculture, in turn, was directly responsible for 
the sedentary life adopted at that period and for the development, first, of 
pottery; next, of organized community life necessary for the control of 
irrigation systems and for the direction of people gathered together in 
villages; and, finally, of certain other arts, crafts, and sciences. The farmer 
built his crude shelter and storehouses at the edge of his field, and from 
the clay in his dooryard the women of his family learned to make pottery. 
The germ of the idea must have slowly made its way into the mind of some 
individual who idly rolled a ball of clay between her hands and then pushed 
her thumb into the center to form a depression. Yet we must concede 
genius to that one who saw practical possibilities in the lump of clay with 
the hollow center, for how many others had idly pushed their thumbs into 
balls of clay and seen no more! Progress in the art of ceramics was un- 
doubtedly slow; many generations must have passed before it was dis- 
covered that the clay vessel could be fired and so made impervious to 
water. Hand-modeled vessels were crude in shape, but eventually the 
women found that the clay could be rolled into ropes or fillets, which when 
coiled upon themselves and pressed tightly together, would form a vessel of 
symmetry and beauty. 
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Origin of Ceramics 


Pottery in the Pueblo area of the southwestern United States may have 
been an indigenous art, or it may have developed here after the first idea 
had filtered up from the civilizations of Mexico where pottery had been 
made even at a considerably earlier period. We cannot give the exact age 
of the art in the Pueblo area, but we do know that it shortly followed the 
introduction of sedentary life based upon the cultivation of corn, a. plant 
which had previously been brought up from Mexico or from Central Amer- 
ica. The culture was neolithic, although later in date than that period of 
culture on the European continent. 

Primitive woman, of course, knew nothing of chemistry when she selected 
a certain clay for the pottery paste and another, or perhaps a vegetable 
extract, for the paint with which to decorate the vessel. Through accident 
and experiment she learned the type of material she must use to obtain 
certain desired results, and through the same trial-and-error method she 
learned the preparation of her materials. Nevertheless, she utilized her 
knowledge of the properties of substances in the manufacture of articles 
of beauty and utility. There were many chances of variation within the 
range of the possible material, and the differences in composition of clays 
coming from various regions led to the individuality of pottery character- 
istic of any single area. The imprint of the individual potter never dis- 
appears from the potsherd, but that does not obscure the characteristic 
general style of a people or a period. And just as chemistry was used, al- 
though unwittingly, in the manufacture, decoration, and firing of pottery, 
so through chemistry can we now discover something of the details of its 
manufacture and of the extent of influence of the people who made it. The 
presence of the modern Pueblo Indians, descendants of the prehistoric 
people, offers opportunity for study of their primitive methods of pottery 
manufacture, methods that must closely resemble those of their ancestors. 


Materials Used in Pottery 


Baskets had been made and used in the southwest for some time before 
pottery was made, and it is possible that clay used as lining for parching 
baskets may have baked and broken away from the basket in a bowl shaped 
crust which might have suggested the making of unbaked clay vessels. 

The early types of true fired pottery in Arizona and New Mexico are of 
gray or white paste. Clay, composed chiefly of silica and alumina, com- 
bined with water to form a hydrated silicate of aluminum, originally com- 
ing from decomposed granite or feldspar and deposited in beds by running 
water, also commonly contains mica, soda, potash, lime, and iron oxides. 

Kaolinite, the common white clay, is comparatively free from iron oxides. 
Although originally light gray in color, it becomes lighter during firing in 
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direct proportion to the amount of carbonaceous matter, invariably present, 
which is oxidized at high temperature or by extended firing. Vessels to be 
fired were first dried in the shade to drive off slowly the excess water in 
order to prevent warping or cracking of the walls; they were then stacked 
over the coals and subjected to the heat of a fire built beneath and around 
them. The temperature obtained in such an open fire may have averaged 
from 500° to 700°C. Mineral temper, which had been added to loosen the 
texture of the clay, allowed the escape of the constitutional water without 
the clay being fused or vitrified during the hour or more of firing and so 
giving the vessel a bad shape and surface. 


Decoration of Pottery 


By the time these people had learned to fire their vessels, they had also 
learned to decorate them in crude and simple geometric designs, the earliest 
types apparently copied from those in common use upon their coiled 
baskets. The materials used at this time for paint may have varied some- 
what according to district, as in later periods, but uncompleted studies 
seem to indicate that a carbon paint or vegetable extract was characteristic 
of much if not of all of this early ware in northern Arizona. 

The custom of coating the surface to be decorated, or even of both sur- 
faces, with a thin ‘‘slip’’ or wash of white clay greatly improved the appear- 
ance of vessels and made them less permeable to moisture. As the art of 
ceramics developed, pottery types became more specialized. Clays with 
greater content of iron oxides were used in areas where kaolinite clays were 
scarce or where more color was desired for variety. The inhabitants of 
the San Juan drainage in Utah, Colorado, New Mexico, and Arizona, 
and those of the Little Colorado and Upper Gila drainages of Arizona made 
black on white ware, but those of the Little Colorado area and some of 
those of the San Juan learned to make polychrome wares as well, using 
orange or red background slips. In southern Arizona the people specialized 
in red on buff and in the Gila polychrome ware, the black and white over a 
red-brown slip. In general the pottery pastes of northern Arizona (see 
Figure 1) were light in color, those of central Arizona somewhat darker, and 
those of southern Arizona (see Figure 2) distinctly brown in color. Varia- 
tions of each of the pottery types show differences depending on locality 
and period of development. 


Pastes and Pigments Used in Pottery 


The chemical composition of the pastes was of great importance to the 
potter, for, in firing, the impurities in the clay change color, due to oxida- 
tion or dehydration, and some of the pastes would not hold the color of the 
designs superimposed upon them. Perhaps the most common impurities 
of the clay are iron oxides, which may fire to yellow, red, brown, or black, 
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FIGURE 2.—TULAROSA BLACK ON WHITE WARE FROM SOUTHERN ARIZONA 
Black paint is of carbon and iron oxide. 


depending on the kind and amount of the oxide present and the conditions 
under which it is fired. The clay used by the Hopi is gray in color when 
ground for use, but in firing it changes to a pleasing yellow, due to the 
presence of a small amount of yellow ochre, 2Fe,0O3-2H,0, which changes to 
red or orange in spots that are over-fired. Limonite is ground and mixed 
with water to form the slip of their red ware, the 2Fe.03-2H2O losing two 
molecules of water in the process and so leaving the red iron oxide color. 
These people claim to use no red clays or pigments directly except for body 
paints, but other Pueblo peoples do use red slips. Orange wares, red 
wares, and buff wares of the prehistoric days owe their shades to varying 
percentages of iron oxides; the brown pastes and slips are discolored by 
extraneous material, such as carbonaceous matter. 

Qualitative chemical tests check the ingredients of pastes, slips, and 
paints, but as the material from every deposit varies, such tests have seemed 
of little value except in definitely locating the area from which some vessels? 
with distinctive paste came. This has been essayed with some success on 
the European continent but no use of it has been made in America, as 
colors and paints have served effectually for the same purpose. The 
composition of black paints, especia'ly, has been found to be so nearly con- 
stant in different areas as to serve materially as a distinguishing charac- 
teristic and thus as an indication of culture relationships. 


Chemical Composition of the Black Pigments 


The study of the constituents of pottery paints, especially the black, 
presented difficulties to the archaeologist, for analysis of the thin layer of 
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paint laid over the slip necessitated separation:oef that paint from the slip 
itself, or the use of some test whereby the paint could be tested while 
still on the vessel. Observation of the matérials;employed by modern 
Pueblo potters offered leads and checks to the chemical examination. 

Pieces of pottery decorated in black were’ heated to redness in an 
open-draft electric muffle or with an oxygen torch and were kept 
at that temperature for from five minutes to. one-half hour. Care 
was taken that the surface was not vitrified. It,was observed that one 
type of black coloration burned off the surface even on short heating; the 
others were unaffected. This one type appeared.to be carbon smudge, as 
was also shown by other tests for carbon. This coloration is not a true 
paint, but colors the entire interior surface of one'type of ware through 
deposition of carbon or soot particles in the porous surface of the vessel dur- 
ing firing. Such an effect is today secured by San Ildefonso potters who fire 
a vessel once, take it from the fire, and cover it with smoldering manure. 
Prehistoric potters might have used almost any carbonaceous matter for 
this process. Quantitative and qualitative tests indicate that while some 
of the Fe,O; of the red or yellow surface of the vessel is changed to FesO, 
during this firing of the vessel in the reducing atmosphere, the amount 
changed was entirely insufficient to account for the blackness. The amount 
of carbon detected was sufficient. 

Those sherds of pottery on which no change had been noted in 
black paint after heating were treated with a drop of hydrofluoric 
acid which was allowed to trickle across the surface. After the acid 
had dried, the sherds were again heated. Of these, one type showed the 
paint removed, a second showed the black gone but a brown stain left, 
and a third type showed no effect whatever. 

The paint which burned off after the acid treatment was discovered to 
be carbon paint which had been applied as a vegetable extract, the carbon 
of which was protected by a thin, transparent, incipient glaze. That paint 
which left only the red stain after heating was evidently carbon paint to 
which had been added ground hematite, the type of paint used by the Zunis 
and Hopis today. The Guaco, or Bee plant, or a species of the Sophia is 
used as a basis for the modern paint. The plants are boiled in water for 
several hours, until only a thick dark liquid is left. The fluid is dried on 
corn husks and stored until needed for use, when it is dissolved in water. 
This used alone would produce the carbon paint; combined with enough 
ground hematite to thicken the solution, it produces the third type of 
paint. 

The Hopi extract, without the added Fe,Os, analyzed* as follows: 

* Chemical analyses given here and the methods of testing pottery paints were 


worked out by F. G. Haw ey, chief chemist of the International Smelter, Miami, 
Arizona. 
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Volatile and combustible . . . . 71.5% 


Magnesia 
Alkalies (K2O) and (Na2O) 


Carbon dioxide combined with the alkalies and lime is also present. 

Although the black color of the carbon paint is due to the carbonaceous 
matter, that material would all be burned away when the painted vessels 
were first fired if it were not for the alkali carbonates, sodium carbonate and 
potassium carbonate, the principal constituents of the ash, and the silica 
and a little soluble alkali contained in the pottery clay which is available 
on the surface of the vessel. These silicates and carbonates melt in the 
firing and form a very thin silicate film over the carbon particles of the 
paint, a film too thin to be called a glaze and invisible, but which protects 
the carbon from coming in contact with oxygen and so being consumed. 
If the vessel is not kept surrounded with burning fuel, producing a 
reducing atmosphere during the time in which the film is being formed over 
and around the carbon particles, the carbonaceous matter burns out be- 
fore it has been covered. Occasionally the carbon of the third type of 
paint will slowly burn off when oxygen diffuses through the film; this leaves 
the paint reddish brown in color, for when the carbon is gone, the ground 
hematite is visible. The film of fusible silicates aids in sintering the carbon 
of the carbon-and-iron paint to the slip and so prevents its washing or rub- 
bing off the vessel. Red iron oxide slips also contain silica and alkalies and 
so sinter to the clay wall of the vessel in firing, but white paint, which con- 
tains only a trace of alkalies, is sometimes easily removable from the 
surface of red vessels. 

Chemical tests for manganese oxides showed that these were the main 
constituents of the fourth type of black color. The oxides were probably 
obtained from marshy places where such oxides accumulate. Being black 
in original appearance, it might well have suggested itself to the people as 
pottery paint. Some iron oxide is usually present. 

True glazes, green and black, were used in the late prehistoric but pre- 
Columbian period in the White Mountain district of the Little Colorado 
drainage. Their period has been definitely dated through correlation of 
pottery types and tree ring counts from roof timbers by Dr. A. E. Douglass 
and E. W. Haury, of the department of astronomy, University of Arizona. 
Both a lead-copper glaze and a silicate glaze, which seems to have differed 
in little but relative proportion from the incipient glaze of the black paints, 
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were used, but the secret of the preparation of any glaze material has been 
lost by the modern descendants of these people. 


Coloring Matter Employed in Other Arts 


Mineral pigments seem never to have been used on basketry splints, for 
nature furnished cream, black, green, and brown material. Ina few graves 
near Flagstaff, Arizona, however, remnants of baskets painted with thick 
clays of rich blues, reds, and yellows were found by an Arizona State 
Museum expedition. As the people had no wool until sheep were in- 
troduced by the Spaniards, they spun and wove their native cotton, 
and this yarn was sometimes colored by rubbing red clay into it. 
Designs on belts and sandals of yucca fiber may have been of vegetable 
dyes, such as the Navajos used on their rugs before the modern vogue for 
aniline dyes, but final investigation of such coloring matter awaits the 
future. The chief use of color, however, was in the production of pottery, 
that art which offered least limitations and most variation technically, and 
which provided necessary as well as artistic household receptacles. 


THE LIFE LAYER OF THE WORLD. R. R. MCKIBBIN. A CORRECTION 


On page 1998 of the September, 1930, JouRNAL OF CHEMICAL EpuCATION there is 
a photograph with the following inscription beneath it: 
THE PAPER OR CANOE Bircu (Betula papyracea Ait.) Very COMMONLY OccuRS 
ON PopzoL SOILS 
This inscription should read: 
_ Tue WHITE oR Grey Bircu (Betula populifolia) VERY COMMONLY OCCURS ON 
PopzoL SOILs 


Boiling Mercury to Replace Electric Motors in New Refrigerating Method. Boiling 
mercury will take the place of electric motors and pumps in home refrigerators if a new 
method just announced in Boston comes into general use. The new process is the inven- 
tion of Dr. Daniel F. Comstock, president of Comstock and West, and one of the inventors 
of the Technicolor process of motion pictures in color, and Lyman F. Whitney of the firm’s 
technical staff. 

The machine is called a stator, because all moving machinery has been eliminated. 
Instead a small boiler contains mercury, and when it is heated and the mercury boils, 
the vapor is discharged into a venturi tube, sucking water vapor from the cooling unit 
and compressing it. Under the reduced pressure the remaining water rapidly evaporates, 
with resultant cooling. The heavy mercury flows back into the boiler and as it does so 
it pumps the water from the condensed water vapor back to its original height. 

Models made so far are operated by gas, but it is stated that an electrically operated 
unit is contemplated. Besides ordinary uses in home refrigeration, it is stated, the sim- 
plicity of the machine will make it available for a home-cooling system, to bring low 
temperatures inexpensively to homes in even the hottest weather.— Science Service 





PIERRE AUGUSTE ADET* 


LyMAN C. NEWELL, Boston UNIVERSITY, BOSTON, MASSACHUSETTS 


Priestley’s persistent espousal of the phlogiston theory was continued after 
he came to America. In 1796 he published the first of a series of four pam- 
phlets. The fallacy of his arguments was promptly exposed by the French 
chemist Adet who at that time was the French Ambassador to the United States. 


The young American republic was promptly recognized by the young 
French republic. Representatives were sent by one to the other. The 
fifth of the French repre- 
sentatives was Pierre 
Auguste Adet. He came 
to Philadelphia in June, 
1795. Like his imme- 
diate predecessor, Genet, 
he was an ardent French- 
man, still imbued with 
revolutionary ideas of 
action or at least revo- 
lutionary methods of di- 
plomacy. Unlike Genet 
he was not fantastic in 
his views; indeed he 
might be classified as a 
member of the inter- 
mediate class, bidding 
the excesses of the French 
Revolution adieu with 
one hand and welcoming 
the orderly procedure of 


the new republic with 
PIERRE AUGUSTE ADET 


the other. . His inter- French ambassador to the United States, 1795-6. 
course and his controver- 


sies, private as well as public, even his dress, show this dual relation. 
Adet differed from all his predecessors in one significant respect. He 
was a chemist. And it is with Adet the chemist, not the diplomat, we are 
at present concerned. Definite references to him and his work are few. 
Undoubtedly, he shared the responsibility of the younger contingency of 
chemists during the early days of the French Revolution because by 1787 he 
had assimilated Lavoisier’s fundamental work on the overthrow of the 
phlogiston theory and was definitely aligned with Lavoisier, Fourcroy, de 
* Read at the seventy-second meeting of the American Chemical Society, Septem- 
ber 6-11, 1926, Philadelphia, Penna. 
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Morveau, and Berthollet, and more specifically with Hassenfratz. These 
two chemists, Hassenfratz and Adet, must have become early converts to 
the views of Lavoisier, because they had already worked out a fairly com- 
plete system of chemical symbols for representing the new chemistry— 
la chimie frangaise. Their system was described in two papers published 
early in 1787 (Mémoires sur de nouveaux Caractéres 4 employer en Chimie), 
and was regarded by Lavoisier and his associates as so essential to the 
new chemistry that it was appended to that memorable book, “Méthode 
de Nomenclature Chimique proposée par Mm. de Morveau, Lavoisier, Ber- 
thollet, et de Fourcroy,’’ which appeared late in 1787. 

The symbols devised by Hassenfratz and Adet were geometrical, and 
were constructed of straight lines, semicircles, circles, and in some cases 
ares. Each simple substance was assigned a symbol, making fifty-four 
in all. Straight lines and semicircles were used for non-metallic simple 
substances and circles enclosing the initial letters of their names were 
used for metals. Thus, — stood for oxygen, ~ for sulfur, ) for hydrogen, 


-~ for phosphorus, (N) for nickel and () for lead. Symbols for com- 


pounds were intended to indicate the nature, number, and relative quantities 


of their simple components. Thus, @®) represented lead phosphide and 


hydrogen sulfide. Other geometrical combinations represented an acid 
radical, an alkali, a gas, a liquid, an excess of a simple substance in a com- 
pound. Relative quantities in a compound were indicated by different 
positions of one of the elements. 

Lavoisier, Berthollet, and de Fourcroy in their report to the French 
Academy of Sciences on this system of Hassenfratz and Adet, praised the 
system because it brought facts before the eye, gave correct ideas of the 
composition of compounds, and established a rule for writing the symbols 
of new compounds. 

The geometrical symbols of Hassenfratz and Adet, like those of the 
alchemists who preceded, and of John Dalton who followed, were completely 
superseded by the symbols introduced by Berzelius about 1814. Never- 
theless, Adet and his associate deserve credit for devising a system of sym- 
bols which supplemented the contemporary system of nomenclature. In 
his writings Adet used Lavoisier’s system of naming elements and com- 
pounds, and as a chemist he was a staunch advocate of the new chemistry, 
thereby rendering great service to chemistry in America and elsewhere. 

The literature contains only a few references to Adet’s experimental 
work, the most important being a paper on the liquor of Libavius (1). 

As stated above, Adet came to Philadelphia in June, 1795, about a year 
after Priestley arrived in America. In 1796 Priestley published the first of 
a series of four pamphlets on phlogiston and the decomposition of water. 
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These pamphlets are accurately described and fully discussed in a paper 
by Dr. Tenney L. Davis (2) and need not be considered here. We need 
only note that Priestley adhered firmly to the doctrine of phlogiston and 
asserted that his experiments showed that water is a simple substance, not 
a compound of hydrogen and oxygen. A controversy was immediately 
precipitated, which lasted about seven years. Two opponents of Priestley 
entered the field at once: John Maclean (3), professor of chemistry at 
Princeton University, and Pierre Auguste Adet. 
The 1796 pamphlet was addressed: 


To Messrs. Berthollet, de la Place, Monge, Morveau, Fourcroy, and Hassenfratz, 
the surviving answerers of Mr. Kirwan,....and I request the favour of an answer to my 
objections. 


Answers came quickly. The first was from Adet, whose name strangely 
enough had not been included among those from whom Priestley requested 
“the favour of an answer.’’ Adet must have obtained very early a copy of 
the pamphlet because he translated it into French and published the 
translation with his response in 1797 as a pamphlet of 96 pages, the title 
page of which is shown on page 46. 

Priestley’s first pamphlet appeared soon after Maclean began his work 
at Princeton. The pamphlet was reviewed by Maclean, in “Two Lec- 
tures on Combustion Supplementary to a Course of Lectures.” This re- 
view by Maclean was published, and with the following advertisement pre- 
fixed: 


Owing to other engagements a part only of the first of these lectures was read tg the 
students. They are now printed to save the young gentlemen the trouble of transcribing 
them. 

P.S. It was not till after they were sent to the press that I was informed Mr. Adet 
had published an answer to Dr. Priestley’s pamphlet. 


Adet’s pamphlet was published about a week before Maclean’s. Samuel 
L. Mitchell (4), professor of chemistry in King’s College (later Columbia 
University) and editor of the Medical Repository, entered the controversy 
and opened the pages of his journal to the participants. James Wood- 
house also joined the controversy and argued for a time on both sides of 
the question, though he finally took his stand against phlogiston on the 
firm ground of experiment. 

Adet’s response was not only prompt, but sharp, logical, and adequate. 
It was confined chiefly to the second part of the question; vz., the decom- 
position of water, though of course the two parts were interwoven. This 
form of attack was wise because it could be based on facts recently obtained 
by simple experiments. 

After expressing his amazement that any one acquainted with the experi- 
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mental results should still persist in denying that water could be decom- 
posed, Adet says he felt driven to state once again: 


(1) That in causing water to pass through a red-hot gun barrel, the iron becomes 
oxydated by the oxygen of the water; (2) notwithstanding the difference which exists 
between the black oxyd of iron, produced by the decomposition of water, and the common 
red oxyd of the same metal, they are still both of them oxyds, for these reasons: that, 
like other oxyds, they both dissolve in acids without disengaging anything, and metallic 
bodies are incapable of combining with acids unless they are previously united to oxy- 
gen; (3) although there is some difference between this oxyd and the common red oxyd, 
it does not follow that they are not both oxyds; the difference between the two being 
only owing to the different circumstances under which they have combined with oxygen. 


In general Adet asserted that Priestley’s objections to the compound 
nature of water could be explained without the phlogiston idea. 

The participation of Adet in this discussion was regarded by most Ameri- 
can and European chemists as a determining factor, and his arguments 
alone, so they thought, would have convinced the most skeptical phlogis- 
tonist. But Priestley was tenacious and obdurate. In the fourth and 
last pamphlet (1803-4) he reprints his letter to the French chemists and 
says also (among other things). 


On the opening of this controversy I told Mr. Adet that I should have greater pride 
in acknowledging myself convinced, if I saw reason to be, than in victory, and should 
surrender my arms with pleasure. I was sincere in that declaration; and certainly the 
conquest of a man’s prejudice is more honourable to him than the discovery, or the 
most successful defence, of truth. This, however, I must, for the present, at least, 
decline, and leave it to you; contenting myself with the inferior praise of confirming the 
hypothesis for which I have contended. If, from the politeness habitual to French- 
men, you should decline this honour, thinking my claim better founded to it than yours, 
I may hereafter be induced to receive it; but for the present, yielding to you a palm 
more glorious than that of any victory, and trusting that your political revolution may 
be more stable than this chemical one, I am, with greatest respect, Gentlemen, Your 
fellow citizen, Joseph Priestley. Northumberland in America, Oct. 22, 1803. 


Adet’s response, as given ahove, was his only written contribution to the 
phlogiston-water controversy. For on Nov. 25, 1796, Adet issued a note 


saying, 


Citizen P. A. Adet informs his fellow citizens that by order of the Executive Di- 
rectory, he has today notified the Secretary of State the suspension of the functions of 
the Minister Plenipotentiary of the French Republic to the United States of America. 


The activities of Adet the politician are so fully recorded in official papers 
and other documents of the period that they need not be considered in a paper 
dealing with Adet the chemist. After leaving the United States he held 
other diplomatic and semi-official posts under the French government. 
However, he retained his interest in chemistry and in 1804 issued a 
book entitled ‘“Legons Elémentaire de Chimie.’ Adet died in 1832. 
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Radium Decay. Fears aroused by the experiments of one L. Bogojavlensky, 
indicating that the rate at which radium and allied substances decay into other elements 
may be made to change, have been allayed. For Madame Curie, who with her husband, 
Pierre, in 1902, discovered radium, has said she is unable to find any evidence to indi- 
cate that such change is possible. 

In short, radium is going along decaying at the same old rate, 1750 years for half a 
given quantity. It is the custom of scientists in expressing the disintegration of the 
elements of the radioactive series of uranium to speak in terms of the half period, or 
the time required for the disintegration of half a given amount. And in this respect it is 
interesting to note that the time required for the change in the elements concerned varies 
from one-millionth of a second to eternity. 

Out of the work of the distinguished English scientist, Soddy, one-time member 
of the staff of McGill University in Montreal, has come understanding of the disintegra- 
tion of the radioactive elements. When, for instance, radium emits helium there is pro- 
duced another gas, radium emanation or radon. The latter, radioactive in its own right, 
undergoes still further disintegration. So radium, it seems, occttpies an intermediate 
niche in a long series which begins with uranium and ends with lead. The latest market 
quotation on radium is $65,000 a gram.—Tech. Rev., 32, 362 (May, 1930) 


Lithium. Quantity production of lithium in America seems assured. Lithium, it 
will be recalled, is a metal whose specific gravity is less than that of water; a chunk of it 
dropped upon water will float like cork until it disintegrates. Although recently pro- 
duced commercially in Europe, it is still very rare in this country and has been selling 
for more than $200a pound. The new quantity production method developed by Dr. 
H. M. Partridge, assistant professor of chemistry at New York University, made it pos- 
sible to place it on the market in ton lots at $15 a pound. 

Lithium is used in alloys and it loses its softness when combined with some other 
metals. It has been used to obtain a better tone in bells and its sponge-like absorption 
of gaseous impurities has made possible the. increase of lifting power of helium gas by 
some fifteen per cent. The American product, according to Dr. W. C. MacTavish, who 
announced its development at the New York Electrical Society, is much purer than the 
German, although its production is based upon German patents plus methods devised 
by the University of New Hampshire five years ago by the late Professor Charles James 
and Dr. McTavish.—Tech. Rev., 32, 147 (Jan., 1930) 





LEADERSHIP* 


ARTHUR D. LITTLE, ARTHUR D. Litt.e, INc., CAMBRIDGE, MASSACHUSETTS 


Leadership which one can trust has always been the supreme necessity of 
mankind. 

While the contributions of leaders in science have been beyond estimate in 
monetary terms, they have been of even more importance in the realm of ideas 
and spiritual things. 

In tts highest manifestations leadership in science is the integrated expres- 
sion of many exceptional qualities: acute power of observation, concentra- 
tion, imagination which must be both vivid and controlled, intellectual honesty. 
Leadership itself 1s an attainment rather than a gift, and all normal men are 
potential leaders, but leadership is contingent on the willingness to accept 
responsibility and to pay the price of leadership, which may involve ridicule, 
self-sacrifice, hard, and continuous work. 

Numerous illustrations from the lives of leaders in science are given. 


In the crises of human thought and action the world instinctively searches 
for leaders: for those exceptional personalities whose qualities of mind and 
heart compel allegiance; who willingly accept responsibility, and who can, 
if necessary, enforce obedience. The history of the rise and fall of empires, 
of the migrations of peoples, and of the spread of dogmas is, in largest part, 
the story of these personalities and of their reaction upon their times. 
Leadership which one can trust has always been the supreme necessity of 
mankind. 

True leadership is necessarily rare, and it is among the most precious 
assets of humanity. In Italy, Napoleon said: ‘Good God! How scarce 
men are! There are thirteen million in Italy, and I have, with difficulty, 
found two, Dandolo and Metzi.”” And he again voiced his appraisal of 
leadership by saying, during the Russian campaign, “I have two hundred 
millions in my coffers, and I would give them all for Ney.” 

It was of a leader in science that President Hoover once said, ‘Our bank- 
ing community does not do the public service in a year that Faraday’s | 
discoveries do us daily.” 

The contributions of Pasteur to human welfare are beyond estimate in 
monetary terms, but the direct financial value of his discoveries to France 
alone was years ago appraised by Huxley as sufficient to cover the whole 
of the war indemnity paid by France to Germany in 1870. 

If such are the pecuniary values of leadership in its relation to material 
things and large affairs how vastly more important is it in the realm of ideas 
and spiritual things. How far beyond evaluation are the contributions of 
Socrates, Plato, Confucius, Buddha, and Christ! How devastating have 


* Dohme lecture, The Johns Hopkins University, November 7, 1930. 
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been those of Marx and Lenin! Ideas are greater than men, and they are 
far longer lived. The great leader identifies himself with great ideas. 

But our thoughts today are concerned, primarily, with leadership in 
science, and, still more specifically, with leadership in chemistry. We have 
in mind that Fifth Estate, the members of which I once defined as ‘‘those 
having the simplicity to wonder, the ability to question, the power to gen- 
eralize, the capacity to apply.” 

The Johns Hopkins University has always stood for leadership. When 
Daniel C. Gilman, its organizer and first president, sought to give effective 
expression to the generosity of its founder, he did not attempt to do so 
in bricks and mortar. Instead, he hunted the world for men who were 
leaders in their professions, and he housed them as he could. 

True to its traditions the University is now carrying into effect a plan 
of especial promise and significance which has for its purpose the selection 
and education of potential leaders in the field of chemistry. 

Chemistry and physics constitute the closely woven cord by which the 
several sciences are bound together in an authoritative whole, like the 
assembled rods of the Roman fasces. They are the fundamental sciences, 
but chemistry is even more specifically concerned than physics with those 
changes to which matter is subject and upon which all human activities, 
and all life itself, depend. The field of chemistry includes the whole ma- 
terial universe, and its contributions enrich all other sciences and arts. 
Especially is this true of those departments of knowledge which most di- 
rectly promote the welfare and progress of mankind. Within a few re- 
cent decades chemistry has greatly increased the yields of agriculture; 
revolutionized mining by new explosives and vastly more efficient means 
for the recovery of values from the ore; it has provided engineering with 
better materials of construction; supplied industry with innumerable new 
processes and products; extended the range and facility of transportation 
and communication; and, in countless ways, multiplied the comforts and 
increased the amenities of life. By its contributions to medicine and 
sanitation the health of millions has been conserved and protected, while 
through the reaction of chemistry upon astronomy and other sciences 
fresh vistas have been opened to the mind. 

The world is thus, already, heavily in debt to those leaders in chemistry 
whose research and vision have blazed the way to these conspicuous bene- 
fits, and the hope of the world for further progress and deeper insight must, 
in large part, find its justification in those new leaders in that science for 
whom we confidently look. 

In its highest manifestations leadership in science is the integrated ex- 
pression of many exceptional qualities. There is that acute power of ob- 
servation which led Sir Henry Bessemer to note that a blast of air had 
burned out the carbon in the cast-iron bar with which a hole in his furnace 
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had been plugged. There is the ability to detect, and to reason from, what 
seem to be minor abnormalities, as when the difference in the atomic weight 
of the ordinary lead and that of lead associated with uranium in the ore 
caused Soddy to declare his belief in the existence of isotopes. Because 
they could generalize from great groups of patiently segregated facts we 
have Dalton’s atomic theory and the periodic table of Mendeléeff. One 
does not come to such results without great power of concentration, and 
we find it again supremely evident in Moseley, who gave us the Law of 
Atomic Numbers. 

Closely associated with these qualities, if not, indeed, the parent of them, 
is imagination, which, to serve its highest purpose, must be both vivid 
and controlled. It is the precious endowment of those whose mental vision 
pierces the veil of the unseen. Kekulé brooded upon the carbon chain 
until, as he sat before the fire, the serpent switched and caught its tail within 
its mouth, and the great conception of the benzol ring was born. Imagi- 
nation enabled the Braggs to look within the crystal to the spacing of the 
atoms, and it disclosed to J. J. Thomson, Gilbert Lewis, Langmuir, Ruther- 
ford, and Bohr the complex and marvelously ordered systems which are 
the atoms themselves. The imagination of the scientist has much in 
common with the imagination of the poet, although, unlike the poet, the 
scientist is first born, then made. But imagination, whether of poet or 
scientist, demands raw material upon which to work and, for the scientist, 
this raw material is facts. These must first be patiently accumulated, 
however unrelated they may seem to be. Then follows their long blending 
and incubation in the subconscious mind. Finally, from some external 
source, comes the catalytic suggestion which, in a flash of insight, trans- 
forms and transfigures what was before inchoate and obscure. 

As a ballast to imagination there must be that intellectual honesty which 
prevents you from fooling yourself about yourself, and which does not per- 
mit you to believe merely because you wish to believe. 

The quality of leadership is an endogenous growth. ‘‘Victory,’’ the Bud- 
dhists truly tell us, “comes from within,’ and in the words of Emerson, 
“Self-trust is the first secret of success.” So there must be confidence in 
yourself and in the children of your brain; the courage to accept responsi- 
bility and to act upon matured conclusions; the willingness to pay the price 
of leadership, though it may include ridicule, self-sacrifice, and hard, con- 
tinuous work. The maxim which held Darwin to his great task was “It’s 
dogged as does it.” 

Finally, there should always be a definite goal toward which all effort is 
directed. We may never reach the goal, but we shall certainly go farther 
than he who is sauntering without one; and, since there is much truth in 
Stevenson’s conclusion that “‘It is better to travel hopefully than to arrive,” we 
shall be fortunate if our goal is one which constantly advances as we proceed. 
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Although alert to seize opportunity when it presents itself, leaders do 
not wait supinely for its arrival. They go out to meet it at the cross-roads, 
and they create it, if it is not there. Faraday, who seemed condemned to 
spend his life in binding books, attended a lecture by Sir Humphry Davy, 
at which many other young men were, doubtless, present. But Faraday, 
alone, prepared so accurate a report of what he had heard that upon its 
submission to Sir Humphry he was engaged as his assistant, and a great 
career of leadership began. It was a career involving many sacrifices, for 
he said, “I cannot afford to get rich.” We may learn much of the cost of 
leadership from other careers which, like that of Faraday, are sources of 
inspiration. 

Arrhenius, like a viking of truth, battled for years to establish his theory 
of electrolytic dissociation. Avogadro, though ignored during a long life- 
time by his fellow-chemists, was so serenely conscious of the truth of his 
great generalization that he continued to teach his students that “equal 
volumes of all gases under the same conditions of temperature and pres- 
sure contain the same number of molecules.’’ When stereochemistry was 
born with the publication of van’t Hoff’s “‘Chemistry in Space,” its author 
met with imperturbable good nature the storm of ridicule and sarcasm 
which his views aroused. He worked and waited until they found accep- 
tance. There are vested interests in old ideas as there are in material 
things, and intruders are resented in the one case as in the other. So, in 
the words of Emerson, “‘If God has called any of you to explore truth and 
beauty, be bold, be firm, be true.’’ Then can you say with Browning in 
“Paracelsus:” 

“T press God’s lamp 
Close to my breast; its splendor, soon or late, 
Will pierce the gloom: I shall emerge one day.” 


The price of leadership is billed in many coins. It may be paid, as it 
was by Madame Curie, in aching years of poverty; years lived in a garret 
room on one-half franc a day, thinking long thoughts and carrying coal 
and water up five long flights of stairs. 

Often the price has been the dogged courage which holds the leader to 
his course in spite of physical limitations and disabilities which might well 
crush another. Roosevelt, the exponent of the strenuous life, was a weak 
and sickly child, but he made himself a man; the sort of man whose own 
experience permitted him to say, ‘“Never yet was worthy adventure wor- 
thily carried through by the man who put his own personal safety first.” 
Pasteur, early in his career, was the victim of a paralytic stroke which 
would have broken a weaker spirit. Instead, it spurred Pasteur to greater 
effort, which resulted in much of his best work. Mendeléeff, whose dying 
mother said to him, “Refrain from illusions, insist on work and not on 
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words,’ had hardly passed his twentieth year when the physician who 
examined his weak lungs gave him only six months to live. Undaunted, 
he lived on for more than fifty years and developed his monumental periodic 
table. 

But leadership connotes that there are those waiting to be led, and 
to lead men you must learn to know them. Moreover, it will avail you 
little, if, having a message of light and leading to deliver, you have not 
trained yourself to present facts, arguments, and conclusions clearly, and 
so to defend them as to ensure acceptance. 

The great laboratory leaders have always been distinguished for their 
pcwer of stimulating originality in others. The influence of Ira Remsen 
pervaded The Johns Hopkins laboratories, and his books and Remsen’s 
Journal carried that influence far afield. He led one student to the dis- 
covery of saccharin. He developed leadership in others as evidenced by 
many of the names appearing with his own in the list of fifty-eight papers 
of which he was co-author. 

The contagious enthusiasm of Whitney, who does not wish to go to 
heaven if there are no problems there, has been the cement and inspiration 
of a great research staff. J. J. Thomson, who, at twenty-eight, succeeded 
Lord Rayleigh as director of the Cavendish Laboratory, advanced its 
great reputation not only by his genius as an experimental physicist, but 
even more surely by his intensely human qualities, which immersed his 
assistants “in an atmosphere sparkling with new thought.” Of his pupil, 
Rutherford, who for ten years shed luster upon McGill University and 
later succeeded his master at Cambridge, it is said: ‘He is a man resem- 
bling the alpha particle in his local concentration of energy. He is inimical 
to leisure. He can arouse enthusiasm in anything short of a cow or a 
cabinet minister. Frank and genial, he can discuss almost any subject and 
smoke almost any tobacco.”’ 

Fortunately, since there are few who can aspire to become a Langmuir, 
a Thomson, a Rutherford, or a Willard Gibbs, the average man, by whom 
most of the world’s work is done, looks for his immediate leadership to 
those whose mental equipment is only measurably greater than his own. 
For every general there must be many captains, and for the guidance of 
the rank and file it is commonly the sergeants who are most useful. Since, 
therefore, there is thus place and scope for leadership of many grades it is 
inspiring to realize that some of its essential qualities are present, even 
though latent, in most of us. So good a judge of leaders as Owen D. Young 
says, “Basically, I think, nearly all normal men are potential leaders,’’ and 
he says again, ‘“There’s nothing magical about leadership, but there are 
certain penalties attached to it,” and he concludes that ninety-nine out of 
one hundred potential leaders fail to take their proper place because of 
their unwillingness to accept responsibility and to pay the price of leader- 
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ship. Or, as Arnold Bennett boldly puts it, ‘the majority do not desire 
success . . . the average man flourishes and finds his ease in an atmosphere 
of peaceful routine.” 

For those who are willing to pay the price there is encouragement in these 
words of Emerson: ‘The habit of directing large affairs generates a 
nobility of thought in every mind of average ability. For affairs themselves 
show the way in which they should be handled, and a good head soon 
grows wise.” 

Leadership is accorded naturally to those who have acquired an authori- 
tative mastery of some branch of knowledge, and who have developed those 
personal qualities which command respect and make for happy human re- 
lations. Or, as Mr. Ivy Lee puts it: “If one immerses himself in a given 
subject until he has mastered it, if he has a vision which enables him to see 
beyond the present, he becomes, sooner or later, to those who know him, a 
comfortable sort of person to go to for advice or reinforcement.” 

Although the grade of leadership which one may reach is largely deter- 
mined by circumstance and endowment, leadership itself is an attainment 
rather than a gift. 

In endowing the Chair of Chemical Education at The Johns Hopkins, 
Mr. Francis P. Garvan, to whom chemistry is otherwise deeply indebted 
for many benefactions, stipulated only that the work of this professorship 
be initiated and promoted for the advancement of that science. But chem- 
istry has, already, workers in plenty for the cultivation of its bounded 
fields, while, for the conquest of the vast territory beyond these land- 
marks it must first rely upon the leadership of pioneers. 

Having in mind the objective defined by Mr. Garvan, the authorities of 
the University have developed and inaugurated a plan, already national 
and ultimately international in scope, for the selection and training of 
potential pioneers in chemistry. 

The details of the plan itself, the exacting care demanded in the selec- 
tion of its beneficiaries, and the very generous provision for their mainte- 
nance are familiar to you all. Every friend of chemistry and each member 
of that vast community to which chemistry brings enlightenment and ser- 
vice is under heavy obligation to those donors whose vision and liberality 
have made possible the realization of the plan. Happily some of them are 
here today, but it is particularly to you whose promise has led to your selec- 
tion as students under the plan that I address myself. 

You have been selected because it is confidently believed that the quali- 
ties of leadership which we have been considering are latent in each one of 
you. How far they find expression in your individual careers is much more 
definitely in your own hands than in those of your instructors. Yours is 
the opportunity. May you utilize it to your own high honor and satis- 
faction and to the enduring benefit of the world. 





AN AMMONIA WORLD* 
W. ConarpD FERNELIUS, THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO 


Water is both the most familiar and the most abundant chemical compound 
on the earth. Probably there is no single factor which so much influences the 
activities of the inhabitants of this planet as does water. This important 
position occupied by water may have resulted by mere chance and there might 
well be another world where a different solvent occurs in an abundance equal to 
that of the water of this earth. An ‘ammonia world” where liquid ammonia 
replaces the water of this planet would have many characteristics common to 
a “water world” but would also differ greatly in many respects. 


Suppose for the moment that the water on our earth were to be replaced 
by some other liquid such as ammonia. How would such an exchange 
alter our familiar surroundings? This is a question which Professor E. C. 
Franklin of Stanford University seeks to answer when each year, at the 
conclusion of his course on “The Ammonia System of Compounds,” he 
devotes the final lecture to a discussion of an imaginary world where am- 
monia functions in the capacity of the water on our planet. For the bene- 
fit of the readers of the JOURNAL OF CHEMICAL EpucaTION, the writer will 
attempt to set down the substance of this lecture with the same spirit 
as he heard it given by Professor Franklin. 


This World One of Water 


To us on this earth, water is at once the most familiar and most impor- 
tant of all substances. It might be said with much justification that the 
world as we know it is largely a “‘water’” world. The very abundance of 
water stands witness to the truth of this statement. The oceans make up 
about three-fourths of the total extent of the earth’s surface; moreover, 
they contain an amount of water sufficient, if the earth were a perfect 
sphere, to cover the entire area to a depth of between two and three miles; 
likewise water is of very general occurrence upon the land, not only in 
lakes and streams, but also in the soil. The atmosphere also contains an 
abundance of water both as aqueous vapor and as clouds. Probably no 
single factor is so much responsible for our climate as is water. In molding 
the earth’s surface, water rivals and perhaps even surpasses heat as the 
biggest factor in geological evolution. Even minerals are built up in a 
large measure of water- or aquo-acids (oxygen-acids), as well as of water of 
composition. Physiologically, the compound water makes up from seventy 
to ninety-five per cent of the animal and vegetable body (about seventy per 


* Throughout this paper reference will be made to the ammonia system of com- 
pounds and the properties of liquid ammonia. The reader is referred to a series of 
articles by JOHNSON AND FERNELIUS entitled ‘Liquid Ammonia as a Solvent and the 
Ammonia System of Compounds,” J. Cuem. Epuc., 5, 664, 828 (1928); 6, 20, 441 
(1929); 7, 981, 1291, 1602, 1850, 2600 (1930). 
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cent in the case of the human body) and all of the life processes take place 
in aqueous media. Small wonder is it then that the physicist has chosen 
water to define his standards of density, of heat capacity, etc., and as a 
means to obtain fixed points in thermometry. Likewise it is hardly sur- 
prising that our chemistry has been largely a “‘water’’ chemistry; 7. e., a 
study of aqueous solutions and of substances having an intimate relation- 
ship to water such as the oxygen salts, etc. 


Possibilities of an Ammonia World 


With the vast number of astronomical bodies now known in the universe 
and many others as yet unknown, there seems to be no reason why it 
should be assumed that all planets have approximately the same composi- 
tion as our earth. Rather it might seem more logical to assume that our 
world has, through the special conditions of its origin, come down to us as 
we know it. It does not seem at all improbable that another planet origi- 
nating in another part of the universe might be made up of the same ele- 
ments, to be sure, as our own earth but in considerably different propor- 
tions.* For the sake of the present discussion, let us assume the possi- 
bility that somewhere in space there is a planet not greatly unlike our own 
revolving about some unknown sun. It differs from our own earth, how- 
ever, in that instead of a great predominance of oxygen as on the earth there 
is an equally great predominance of nitrogen on our imaginary planet, and 
that the compound water so common in our world has been replaced by 
the hydride of nitrogen, ammonia. In short let us assume the possibility 
of an “‘ammonia’’ world and examine such a world to see how it would differ 
from our own. 

Properties of Water and Ammonia 


One might be surprised at first to find that in many characteristics an 
ammonia world would closely resemble the one which we know. If to 
water are to be attributed many of the outstanding characteristics of our 
habitat, then it is certain unusual properties of water that give it pre- 
eminence above other substances. Water is a unique substance; in many 
of its properties water is an extremist. Whereas the values of some of the 
physical constants are greater for water than for any other substance, 
the values of other constants are at a minimum in the case of water. The 
boiling point, melting point, critical temperature and pressure, specific 
heat, and heats of volatilization and fusion, as well as the dielectric constant 
and association constant have values unusually high for a substance of 


* Only a consideration of the distribution of elements throughout the universe 
would indicate whether or not this earth represents the average distribution of the ele- 
ments. The problem would be complicated by the continual synthesis and decomposi- 
tion of elements that is known to be going on all the time. 
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such simple composition. On the other hand, the values for the boiling- 
point elevation and freezing-point depression constants are unusually 
small. Asa solvent water stands out as the most universal of all solvents. 


Not only does it excel all other solvents in its sheer ability to dissolve so 
large a variety of substances, but also in its capacity for causing electrolytic 
dissociation—the breaking up into electrically charged ions in solution. 
Furthermore, water has a remarkable tendency to form compounds with 
salts, etc., known as hydrates, or salts with water of crystallization. 


In all those properties which give to water its unique position among solvents liquid 
ammonia shows a remarkable similarity to water. While the boiling point of liquid 
ammonia is nearly 34° below zero, it still appears abnormally high when compared with 
the boiling temperature of phosphine, arsine, stibine, methane, ethylene, hydrogen sul- 
fide, hydrogen chloride, etc. The specific heat of liquid ammonia and the heat of 
fusion of the solid are greater than the corresponding constants for water or any other 
known substance, while its heat of volatilization, with the one exception of water, is 
the highest of any known liquid. The critical temperature of ammonia is abnormally 
high, and its critical pressure—the more characteristic constant—is higher than that of 
any other liquid excepting water. Ammonia is an associated liquid, and its dielectric 
constant, though much below that of water, is still high when compared with that of 
non-electrolytic solvents. Its boiling-point elevation constant is the lowest of any 
known liquid, namely 3.4 as compared with 5.2 for water. In its tendency to unite 
with salts and other compounds, it probably exceeds water, since salts with ammonia 
of crystallization are perhaps even more numerously recorded in the literature than 
are salts with water of crystallization. As a solvent for salts, it is generally much in- 
ferior to water, though some salts, for example, the iodides and bromides of mercury, 
lead, and silver, dissolve very much more abundantly in ammonia than they do in water, 
and it far surpasses the latter solvent in its ability to dissolve the compounds of carbon. 
Finally it exhibits conspicuous power as an ionizing solvent, the more dilute ammonia 
solutions at —33.4° being very much better conductors of electricity than aqueous 
solutions of the same concentration, at 18° (/). 


TABLE I 


Properties of Ammonia and Water 
Liquid Ammonia 
—77.7° 1 
—33.35° 100° 
1.13 1.0 
0.607 0.9982 
Critical temperature 13° 365° 
Critical pressure . ‘ 112 atms. 195 atms. 
Dielectric constant  . . 0. kw eee. 81.7 


Water 


Melting point ; 
Boiling point (760 mm. ~ 
Specific heat 

Specific gravity at 20° 


Molal freezing-point constant 

Molal boiling-point constant 

Heat of vaporization (normal boiling oolat) 
Heat of fusion 

Specific conductivity 

Surface tension 

Coefficient of viscosity 


0.98 

0.34 

337 cal. 

108 cal. 

5 X 10-" at —33° 
41.8 dynes/cm. 
0.00266 at 33.4° 


1.858 

0.52 

536 cal. 

79.5 cal. 

4 X 10-8at 18° 
75 dynes/cm. 
0.01054 at 18° 
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An Ammonia World 

Returning to a consideration of an ammonia world, undoubtedly, we 
should find it to consist, like our own, of three parts: an atmosphere, a 
hydrosphere (ammonosphere might be more correct), and a lithosphere. 
The atmosphere would consist of nitrogen probably with some other gases 
diluting it. Ammonia would also be present, similar to the water vapor in 
our own atmosphere, but in an amount greater than that of water in our 
atmosphere, since the vapor pressure of ammonia near its melting point is 
considerably greater than the vapor pressure of water near its melting 
point. The oceans, lakes, and streams would be filled with liquid ammonia 
and would therefore be at a temperature between —77° and —33° (assum- 
ing of course that atmospheric pressure is 760 mm. of mercury). If the 
temperature rose above —33°, all of the ammonia would boil off into the 
atmosphere. 

These ammonia oceans and lakes would show some very distinct differ- 
ences from the ones on this earth. Liquid ammonia does not exhibit a 
maximum density a few degrees above the freezing point as does water, nor 
is the solid ammonia specifically lighter than the liquid at the freezing point. 
Hence ammonia ice would not float on the surface of streams and lakes. 
Nor would the ice form at the surface of a body of liquid ammonia and thus 
offer a protective covering to the liquid below as is familiarly known to be 
true in the case of water. Hence it would not be uncommon ina cold 
winter to find large bodies of ammonia frozen entirely solid. Thawing in 
the spring would be different from what it is in our world. Obviously, 
there would be no ice jams on the navigable rivers, since the ammonia ice 
does not float. Furthermore, because liquid ammonia shows no maximum 
density at any temperature, there would be much less circulation in large 
bodies of ammonia. This lack of circulation together with the low thermal 
conductivity of liquid ammonia would render melting a very slow process 
indeed. The sad picture of annihilation by the eventual freezing of all 
the ammonia might face the inhabitants of an ammonia world. As it 
cooled each winter, ammonia would continually sink to the bottom and 
then freeze. The ice, once formed, could not be entirely melted because 
the warmer ammonia would stay at the surface. Year after year the frozen 
ammonia would increase in winter and persist through the summer, until 
eventually all or much of the body of ammonia, according to the locality, 
would be solidified. There is no reason why the phenomena of rain, snow, 
fog, and dew could not be duplicated with ammonia. The flow of an am- 
monia glacier, however, would be greatly arrested because the ammonia 
ice would not melt under pressure. There would be no icebergs to worry 
navigators again because solid ammonia does not float on the liquid. 

Turning now to the more solid portions of our imaginary planet, we 
might find large rock and mineral masses: ammono limestones, ammono 
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silicates, nitrides, etc. The limestone of our new world would be calcium 
cyanamide, CaCNg, and the dolomite a mixed calcium magnesium cyana- 
mide, CaCNe-MgCNe. The feldspars would be replaced by ammono feld- 
spars such as the one below: 
O HN 
Nos Ni ee 
eligi. a N=Si N 
x—0—ai-0-—al HKN—Si—NH—Al KHNSSi—NH —aAl 
of HNC ae ‘in i 
Si-O Ssi—NH iio 
oF HNY 
KAISi;0s KAIHSSisN s KAIH,SisNe 
THE FELDSPAR ORTHOCLASE AND ITS POSSIBLE NITROGEN ANALOGS 


The kaolin of the ammonia ceramist would be an aluminum ammono- 
silicate like the one below: 
O NH 


at oe of ere 
JNO Fae /. NNH > 
O HN 
yg Na 
\o7 “\NHZ 
Cay OR Kao in, Al,Sig07-2H2O AND ITs AMMONIA ANALOG 


The ammono quartz would be the nitride of silicon, SisNy. One might 
go on to work out any number of possible minerals and rocks. It is not 
at all inconceivable that erosion could be duplicated on such a world. 
However, this phenomenon would be restricted to a wearing process since 
freezing would be of no value in prying loose small rock fragments. We 
would find the pores of the soil holding liquid ammonia much as our own 
soil holds water in the form of surface films and in small capillaries. The 
high value of the surface tension of ammonia, like the even higher value 
for water, would be a great aid in the retention of liquid by the soil. 

Turning now to sources of energy on our imaginary world, there would 
be the heat from the sun’s radiations, the force of the winds, and the energy 
of falling rivers and streams. We might justly choose to call the latter 
“ammonia power” rather than water power. ‘ 


Life in an Ammonia World 


Just as scientists and others have long considered the possibility of Mars 
and other planets being inhabited by living creatures, so we should want 
to know if life would be possible on our ammonia world. There is little 
reason for thinking that it would not. Professor L. J. Henderson (2) has 
shown that the influence of the environment on living forms is not only to 
favor the most fit (Darwin’s survival of the fittest), but rather, in a broader 
sense, that life itself is a product of its chemical and physical environment, 
and that life is what it is because the environment is not otherwise than 
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what we find it. Hence, with a different chemical environment such as 
would be present in an ammonia world, it seems likely that phenomena 
which we might justly call life would be present. However, living creatures 
would very likely take on forms and activities different from those of living 
organisms on this earth. Just what functions life in a nitrogen world 
would assume, one can only conjecture. Whether life there would main- 
tain itself by the ‘‘nitridation”’ of carbon, as life on this planet uses the 
energy of oxidation of carbon compounds, we cannot say. Certainly, 
however, ammonia must serve such living forms as the solvent vehicle for 
the assimilation and circulation of foods and the elimination of wastes. 
Also, if the living organisms be at all complex and not living in a liquid 
medium, the evaporation of ammonia from the surface of the body might 
serve as a means for very effective regulation of the temperature of the 
living form. To make the idea of life on an ammonia world more vivid, 
one might point out that colloidal systems can and are known to exist in 
liquid ammonia (3) and that ammonia analogs of sugars, fats, etc., can 
easily be pictured as existing. 


CH.NHe 
NH 
CHNH; RCZ 
l \NED 
CH.NH; 
AMMONO GLYCERIN CARBAZYLIC OR AMMONO Fatty ACID 
(many examples known) 
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| 
CH.NH: 
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Indeed, certain lobsters have gone the first step in this direction, for they 
are capable of synthesizing glucosamine which can be obtained from the 
chitin of their shells. 
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But the life of our ammonia world inhabitants would differ vastly from 
our own. Reaction velocities at the temperature of their world would be 
slow and it might well be necessary always to have catalysts to hasten these 
slow reactions. There could be no cooking in such a world unless it be 
pressure cooking. Our familiar problem of the fixation of nitrogen would 
most likely be replaced by an equally difficult problem of obtaining oxygen 
and oxygen compounds. An ‘“‘ammoniaker” chemist might exhibit with 
considerable pride his specimen of the little known substance, water. 
Freshman chemistry students in our ammonia land could not amuse them- 
selves by throwing sodium into liquid ammonia as our own do with water. 
In place of the explosive reaction with water, sodium goes quietly into 
solution in liquid ammonia to form a deep blue solution. The materials 
of the ammonia world chemist would be considerably different from our 
familiar reagents. His bases would be the amides, imides, and nitrides of 
the basic metals; potassium amide, KNHe, would be as familiar and as 
useful as our sodium hydroxide. Among the ‘‘acids’” our imaginary chem- 
ist would probably know hydrochloric, NH,Cl, carbonic, H:NCN or 
HNC(NHp)s, nitric, HNs;, hypoiodous, H2NI, silicic, HNSi(NH2)2, phos- 
phoric, (HN)2PNHk2, and several others. Salts would be present in abun- 
dance. The ‘‘alcohols’’ would be the primary and secondary amines and 
for beverages our ammono people would have the choice of two ethyl alco- 
hols: ethylamine, C,H;NHe, and diethylamine, (C2H;)2.NH. Hence, we 
might suppose that the duties of a prohibition officer in our ammonia 
land, should there be such an institution as prohibition there, would be 
doubly strenuous. The phenols would be the aromatic amines such as 
aniline, CsH;NHe, and the ethers would be the tertiary amines, (C2Hs)3N. 
There would also be aldehydes and ketones, though, because of the trival- 
ence of nitrogen, in far greater variety than among the oxygen compounds. 

CsH;CH=NH 

CsH;CH=NR (CsHs)2,C—=NH 
Cs.H;CH=N (CsHs)2>C—=NR 
CH.CHY CcHCN 
CsH;CN=N 

ALDEHYDES KETONES 


Thus one might elaborate a complete chemistry for these ammonia 
people. 

If the chemistry of the ammonia-world inhabitants would differ from 
our own, so should one expect their physics to present equally striking 
differences. Should they choose ammonia as their standard to define 





* The mannosamine structure is presented here because it seems probable that 
glucosamine undergoes the Walden inversion on treatment with nitrous acid to prove 
its structure (LEVENE, ‘“Hexosamines and Mucoproteins,” Longmans, Green and Co, 
New York, 1925). 
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certain physical constants, as our scientists have chosen water, great dif- 
ferences would result. First, the unit of specific heat would not be the 
same, for 1.13 of our calories would be required to raise the temperature 
of one gram of ammonia one degree Centigrade. Further, the system of 
thermometry might well differ. The melting point of ammonia is —77.7° 
and the boiling point —33.35°; calling the first temperature 0° Ammonia 
and the latter 100°A., then one degree on the ammonia scale of tempera- 
ture would equal 0.4435 of a degree Centigrade, and 0°C. would be approxi- 
mately 175°A. Finally, if the physicists on our imaginary ammonia 
world had chosen to define their unit of weight, an ammonia gram, as the 
weight of 1 milliliter of ammonia at some stated temperature—say —40°— 
then their entire system of weights would differ from our own since am- 
monia is much less dense than water. Ammonia, however, would be a 
very poor substance to serve as a standard for density because its density 
varies continually with temperature and does not slowly approach toward 
and descend from a maximum density as does water at 4°. 

Such then would be some characteristics of an ‘‘ammonia world’; a 
world essentially similar to our own water world but differing greatly in 
many respects because of differences in the basic substances making up such 
a world. One might similarly picture a hydrogen sulfide world where the 


minerals are sulfur compounds and life is built around the element sulfur. 
Recent studies of sulfur bacteria have revealed organisms which have gone 
perhaps just a step in this direction. 
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Acrolein Makes Refrigerant Safe. The addition of acrolein, an irritating gas 
used in the World War, to methyl chloride when used in household refrigerators will 
make it impossible for a person to remain near a leak long enough to be injured by the 
poisonous gas, which has in the past caused several deaths. Experiments conducted 
by the U. S. Bureau of Mines at Washington at the request of the manufacturers of 
electric refrigerators and methyl chloride, indicate that one part of acrolein to a million 
parts of air will produce a decided irritation of the eye and nose in two minutes and will 
become practically unbearable within five minutes. Exposure to even a bad leak of 
methyl chloride for that length of time does not cause apparent harm. 

Acrolein is that acrid, irritating stuff familiar to the housekeeper who has ever 
allowed fat to spatter on a hot stove or who has forgotten the kerosene lamp and let it 
burn low and smolder. In the chemical laboratory it is made from glycerin.— Science 
Service 





PRESENT STATUS OF TEACHER TRAINING IN THE UNITED 
STATES* 


BEN W. FRazigER, U. S. OFFICE OF EDUCATION, DEPARTMENT OF THE INTERIOR, WASH=- 
INGTON, D. C. 


Original data used in this article were taken from a study of 741 college 
teachers of chemistry located in 45 states. 

Of 724 college teachers, 174 have the bachelor’s as their highest degree, 
263 the master’s, and 287 the doctor’s degree. 

About one-third of the teachers have had courses in professional education. 
The median amount ts 13.3 semester hours. 

Twenty-seven per cent of the teachers have had previous public school ex- 
perience in teaching. The median amount ts about three years. 

The median salary of all ranks is $2904; of full professors, $4172. 

Twenty-two per cent of the teachers report supplementary earnings. The 
median amount 1s $321 per year. 

The median age of all teachers, including assistants, 1s 33 years; of pro- 
fessors, 46 years. 

A great need for research on instructional problems exists. 

Training equivalent to a major in chemistry is advocated. 

The article discusses the teacher training agencies necessary and suggests 
changes in present programs. Problems of supply and demand, curricula, 


selection of prospective teachers, and the place of professional and of subject- 
matter content receive consideration. 


For this paper data concerning the qualifications of college teachers of 
chemistry were secured from question lists sent during the course of a 
recent nation-wide survey to approximately eight hundred teachers of 
chemistry. These teachers were distributed among forty-nine state-sup- 
ported universities and colleges, located in forty-five states. Returns were 
secured from seven hundred forty-one teachers fairly well distributed 
through the several faculty ranks. The institutions from which returns 
were received range in size from the University of California to the smallest 
among the state colleges. It is believed the returns show fairly typical 
conditions in respect to the qualifications of college teachers of chemistry ' 
in this country. 

Information concerning the qualifications of high-school.teachers was 
secured from existing secondary sources including official government re- 
ports and statistics, studies made by workers in the Division of Chemical 
Education, and other studies. 

The generalizations and conclusions concerning the present status of 
teacher preparation in the United States are derived from the literature of 


* Contribution to the symposium on “‘The Qualifications of Chemistry Teachers”’ 
held by the Division of Chemical Education at the 80th meeting of the American 
Chemical Society, at Cincinnati, Ohio, Sept. 10, 1930. 
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the field, survey material, and field work. Our topic, ‘““The Present Status 
of Teacher Training in the U.S.,” can obviously be treated only in respect to 
a few outstanding problems. Those chosen are the ones that we have 
reason to believe are of current interest to those engaged in the preparation 
of teachers; they represent problems mentioned by seventy-three leading 
educators in response to a recent letter requesting suggestions of problems 
in connection with a national survey. 

There are approximately one million teachers in the United States. In 
some way or another they must all be prepared for their work. Of these 
teachers, 189,222 are in the public high schools, and 78,813 in higher in- 
stitutions (1). Since an indeterminate number of teachers in high schools 
teach, in addition to chemistry, two, three, or even four subjects, the number 
of such teachers has never been exactly determined. The lack of accurate 
information on this point and on a number of other pertinent questions 
indicates the great need of much more intensive study in the whole field of 
chemical education. 

The mere mention of numbers of teachers, however, does not help much 
in the solution of important problems. An immediate problem is the ques- 
tion of actual conditions of supply of chemistry teachers in relation to the 
demand. A program of teacher preparation should provide enough teach- 
ers to meet the needs of the schools. And it should not provide very many 
more. Otherwise, salaries drop and the profession loses many of its best 
prospective recruits. 

There is no longer any doubt about a very real condition of oversupply 
in the liberal arts field in some localities. The New York City press last 
month carried accounts of some 6000 legally qualified teachers who are on 
the waiting list for jobs in that one city alone. There are one thousand 
on the waiting list in Boston. In Philadelphia, the city teachers’ college 
turned away eight hundred applicants for training last year. And so on 
throughout many portions of the country the story goes. And this in 
spite of the fact that teaching is comparatively a stable occupation, in the 
sense that current industrial depression does not affect very much the gi- 
gantic industry that is working up raw human material into the future 
citizenship of this country. There are very few lay-offs of teachers in the 
profession. The one big factor that causes an oversupply is the continual 
overproduction in certain fields, of college graduates hungry for jobs, 
who presume themselves qualified teachers because they have a conven- 
tional college education. 

The situation seems worse in respect to liberal arts graduates who plan 
to teach in high schools, although it is not happy in certain other groups. 
Teachers of special or non-academic subjects, such as music, art, and phys- 
ical education and health are still in reasonable demand. Teachers of 
vocational subjects such as agriculture and home economics do not find it 
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very hard to get jobs. There is an actual undersupply of such teachers in 
some places. 

Teachers of chemistry and the other sciences are not quite so badly off as 
teachers of such subjects as English and history. Two years ago a ques- 
tionnaire that included questions inquiring about teacher supply and de- 
mand was sent from the Office of Education to state institutions in nearly 
all the states of the Union. The returns were as follows: In twelve in- 
stitutions an oversupply of teachers of science was reported; in fourteen, 
an approximate balance of supply and demand; in eighteen, a condition 
of undersupply. In liberal arts subjects, such as English, modern lan- 
guages, and history, thirty institutions reported an oversupply; eight, a 
balance of supply and demand; and two, a condition of undersupply. One 
of the workers at the National Education Association in Washington is 
now undertaking a detailed study of this problem; you should be able to 
secure his returns within a few months. In the national survey of the 
education of teachers, now under way, an extensive and detailed study of 
the whole problem will be made. 

One should not be too glib in speaking of an oversupply or an undersupply 
of teachers, however. In the first place, there may be an oversupply of 
chemistry teachers in one city or county and an undersupply in another one 
within the same state. Again, the general condition in a given state may 
differ from that in another. Most important still is the fact that, regard- 
less of the apparent present condition, you (theoretically) can change it 
over night by raising certification or employment requirements. If every 
teacher of chemistry had to have a major in the subject, or if he had to 
have the master’s degree before he could get a certificate to teach, or if 
he had to belong to the upper fifty per cent of the high-school graduating 
class before he entered college work, the so-called oversupply would at 
once disappear. There would be a huge shortage probably. In a very 
real sense, therefore, the present oversupply of teachers in certain fields 
is simply an oversupply of undertrained teachers. 

The teaching profession is beginning to understand this. Requirements 
for certification and employment are going up rapidly in many places. 
The medical profession learned how to handle that matter long ago. You 
do not enter medicine nowadays unless you take two, three, or four years of 
premedical or arts and science work and four more years of long, hard, and 
expensive work in a high-grade medical school, at a cost of $1000 or so per 
year. The physicians do not complain much of an overcrowded profession. 

All of us by constantly working for improved standards in the training 
of teachers can be of real service to our profession; not only shall we belong 
to a better profession, but we shall be protected from the crowds of young 
college graduates who are chiefly interested in getting a job—any job— 
and are little interested in making teaching a lifetime profession. 
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Related to this question of supply and demand is the general status of 
chemical education in the country, in respect to the numbers enrolled in 
the subject. Is the subject of increasing or decreasing importance? How 
many teachers should we train in the future? 

One measure of college enrolments may be found in the numbers en- 
rolled in chemical engineering. The enrolment in chemical engineering 
in 1921-22, while the influence of the World War was still on, was 7054; 
it dropped steadily to 4108 in 1925, and increased again to 5987 in 1928. 
The post-war deflation is now well over. We may for a while expect a 
steady but probably not spectacular increase in chemical engineering en- 
rolments. The number of students in non-engineering or pure chemistry 
in college is not known definitely, but it is much less than the number of 
students in chemical engineering. ° Fluctuations in enrolments may be 
assumed to correspond somewhat as between the two groups. 

The total enrolment of pupils in chemistry in the public and private high 
schools of the United States that reported in 1928 was 230,020, which con- 
stitutes seven and three-tenths per cent of a total high-school enrolment of 
3,144,645. By no means all the high schools reported, but the percentage 
is not far wrong. Judging from returns in 1922 and in 1928, chemistry is 
just about holding its own in the high schools. The total enrolment in 
chemistry, as in other subjects, was greater in 1928, but the percentage of 
pupils in chemistry in the total high-school enrolment in 1928 shows a 
slight loss of three-tenths of one per cent over 1922. Physics lost three per 
cent during the same period. Biology alone among the sciences made a 
percentage gain amounting to about four per cent; practically all the other 
physical sciences, and also algebra and geometry, lost in percentages of 
gain. Incidentally, the greatest gains were in English, about fifteen per 
cent, and in physical education, ten per cent. Substantial gains were made 
in commercial work and social science. 

It would appear, therefore, that existing agencies and schools for the 
training of teachers of chemistry are sufficient in number at least to supply 
present needs. Current conditions of supply of such teachers strengthen 
this belief. The question of the selection of prospective teachers for train- 
ing, the qualifications of the training staff, and the general quality of offer- 
ings are different matters that will be discussed separately. 


Selection of Trainees 


In progressive cities and states in many sections of the Union that now 
have an abundance of teachers there is a decided and unmistakable ten- 
dency to require advanced training above the bachelor’s degree. Cali- 
fornia has afforded the best example of this movement for some time; but 
that section is no longer alone. Faced by an increasing number of appli- 
cants with the bachelor’s degree, the tendency in a number of cities on the 
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part of progressive employers is to favor the man or woman with the mas- 
ter’s degree, other things being equal. It cannot be said, however, that the 
mere possession of an advanced degree will meet all the demands of employ- 
ers. There is a distinct movement nowadays in the colleges to apply selec- 
tive measures to applicants for training. The teaching profession has 
never in the past had its full share of the brighter members of the high- 
school graduating classes. For economic and other reasons, a great deal of 
poor material has crept into teaching. Educational leaders perceive an 
opportunity at the present time, while there is an abundance of young 
high-school and college people applying for training and for jobs, to apply 
various selective measures. For instance, the requirement may be made 
that a student must belong to the upper fifty per cent of the high-school 
graduating class in respect to scholarship before he will be admitted to the 
college freshman class; he must make a minimum scholarship grade in 
early college years before he is admitted to student teaching or to the school 
of education; he must reach a minimum score on an intelligence test; he 
must possess no serious deficiencies in personality, character, or related 
traits that may be readily discerned in individual conferences or in his 
everyday life about the college; he must pass a physical examination; and 
he must secure authentic and trustworthy recommendations from his 
high-school principal. These requirements in various combinations are 
becoming increasingly rigorous in a number of institutions that find it 
easy to be rigorous so long as they have an oversupply of applicants. 

It is admitted that all the selective measures so far employed constitute 
very coarse sieves. No one measure will keep out all the poor students, 
and sometimes the rough measures employed keep out good material that 
could be developed into passable teachers, despite a few handicaps. But 
the present movement, with all its uncertainty, is an improvement upon 
the old idea of giving any one training and a job in teaching who could 
manage to meet the low minimum certification requirements which consti- 
tute the coarsest sieve of all. 

The movement during recent years in the learned professions other than 
teaching has been toward the use of essentially selective measures. The 
doctors who finish two to four years of academic college work, four years 
of work in a medical college, and a year or two of interneship in a hospital 
before they are admitted to practice are pretty well selected men. Their 
profession is the better for it. The same idea of selection to possibly 
slightly less extent has been applied in the other professions; teaching is 
just beginning to profit by the idea. 

There is one method of selection, positive in nature, that is also coming 
again to the front. It has always been applied informally by our best 
college teachers. That method is the discovery, personal encourage- 
ment, and advancement of the very few students in a class that have ex- 
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ceptional natural ability in chemistry. The finding of these rare souls is 
the chief joy in life of the true teacher. If he can divert legitimately a few 
such students into a life career in his own field of work, he has made a 
contribution of substantial value to his profession. This is the one kind of 
teacher recruiting that our profession needs at all times. If the higher in- 
stitutions can organize their selective machinery and guidance programs 
to turn a few geniuses and more scholars into our profession, they will do 
about as much as they can ever do by barring the misfits, or by encouraging 
a huge flock of pleasant but brainless young folks to enter teaching, on the 
assumption that a few of the gifted may be discovered by trial and success 
on the job. 

Too many young college graduates have to wreck the classes of two 
or three schools before they learn that they cannot teach. We need 
more instructors originally well selected who can do their job reasonably 
well without excessive damage to the children and future citizenry of 
America. 

The preparation of teachers has to do not only with the original selec- 
tion and training of teachers, as determined by the demand for workers to 
replace heavy annual losses and to fill new positions, but also has to do with 
the raising of the existing level of training of teachers now on the job, if 
such level is found to be too low. What are the qualifications of teachers of 
chemistry? Where must we start, and how far may we go in raising the 
level, if it must be raised? 

We shall consider first the college teachers of chemistry, who must not 
only themselves be prepared, but who also prepare many teachers. The 
highest degrees of seven hundred twenty-four teachers of chemistry in 
forty-nine state-supported colleges and universities distributed over forty- 
five states are given in Table I, following, for each rank from professor to 
assistant. The total number of staff members with the bachelor’s degree 
as their highest is one hundred seventy-four or twenty-four per cent of 
the total. About one college teacher of chemistry in four, therefore, among 
these institutions has the bachelor’s as his highest degree. Thirty-six 
per cent have the master’s degree as their highest, and forty per cent have 
the doctor’s degree. More than half the teachers, therefore, do not have 
the Ph.D. degree. 

The teachers of professorial rank only—full, associate, and assistant pro- 
fessors—make a somewhat better showing, of course. Sixty-two per cent 
have the doctor’s degree. Sixty-seven per cent of the full professors have 
the doctor’s degree. This does not strike one, however, as a particularly 
high figure. Professors, of course, often bear relatively less of the load of 
instructing freshmen and other underclassmen than teachers of lower rank. 
Evidently, therefore, the colleges and the universities can profit immensely 
by insisting upon much more extensive training and higher scholarship on 
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the part of the college teachers, especially of the lower ranks, who carry the 
heavier end of the instructional load. 

The degrees earned are usually the bachelor of science, the master of 
science, and the Ph.D. Roughly, only about one bachelor in four is a 
bachelor of arts, and one master in four a master of arts. The name of the 
doctorate is in the great majority of cases the doctor of philosophy; only 
a very few teachers reported the title doctor of science. A few scattering 
degrees of varying titles were reported, but the numbers are not significant. 










TABLE I 
Highest Degrees of 724 Teachers of Chemistry in 48 State-Supported Colleges and 



















Universities 
Number by Rank 
All Associate Assistant 
Degree Ranks Percentage Professor Professor Professor Instructor Assistant 
i 2 3 4 b 6 7 
Bachelor’s: 

Total 174 24 16 8 15 45 90 
B:S.* 125. 13 f 9 36 60 
B.A. 49 3 1 6 9 30 

Master’s: 

Total 263 36 36 22 40 92 73 
M.S. 196 22 18 25 70 61 
M.A. 67 14 4 15 22 12 







Doctor’s: 
PE.D:;** 287 40 104 52 66 43 22 


Total 724 100 185 


* Includes B.S. in chemistry. 


** Includes 2 D.Sc. 
Also included are: 1 Ph.B.; 3 C.E.; 1 B.S. in educaticn; 1 M.S. in pharmacy; 


1 mechanical engineer. 


























What is the level of training of high-school teachers? According to the 
third report of your committee on professional spirit among high-school 
teachers (2), of 217 teachers of chemistry in a selected group of schools of 
500 enrolment or more, 216 had the bachelor’s degree, 29 the master’s, 
and 9 the Ph.D. More than half these teachers had done work in addi- 
tion not shown by the mere possession of a degree. Thirteen per cent of 
these teachers in the larger high schools had the master’s degree. It will 
be recalled that thirty-six per cent of the college teachers had the master’s 
as their highest, although comparisons are not justified on the basis of 
these data. Four per cent of the high-school teachers had the Ph.D.; 
and forty per cent of the college teachers. Salaries, however, do not vary 
in these same proportions. 

What are the minimum subject-matter qualification requirements for 
high-school teachers? In a recent study (3) a tabulation of some of the 
requirements for high-school certificates in all of the states is presented. 
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The information given is useful to indicate minimum qualifications re- 
quired of high-school teachers. The following quotation is taken from the 
study: 


Thirty-three states require graduation from college for secondary-school teaching 
certificates; one state requires one year of study beyond graduation; and fifteen states 
do not require graduation from college. However, in some of the states which do not 
require college graduation there are restrictions as to class of district or school in which 
non-graduates may be certificated to teach. 

The amount of professional work required (7. e., in professional education) varies 
considerably from state to state. The range is from 0 to 24 semester hours, the median 
being 15 plus. 

Twenty-one of the states require observation or practice teaching or both. Twenty- 
seven states have no general requirements in this field. The practice-teaching require- 
ment ranges from 2 to 7 semester hours, the median being 5 semester hours. So far as 
the writer has been able to determine, every state allows credit for this work although 
it may not be required... 

Where there is subject certification, it is no longer possible for the high-school 
teacher to teach classes in subjects in which he has little or no preparation... Twenty- 
seven of the states have some type of subject requirement for certification to teach a 


certain subject. 


In high-school teaching, the increase during recent years in state require- 
ments in professional education is of common knowledge. The range in 
requirements among the several states is, however, considerable. 

In a recent study (2) of 217 high-school teachers of chemistry, 173, or 
eighty per cent, were shown to have taken one or more courses in education. 
Some of the older teachers entered the work before the advent of present- 
day certification requirements. Nearly all the younger teachers nowadays 
must take such courses. The median requirements of the higher institu- 
tions of the North Central Association that train high-school teachers is 
now 19.9 semester hours work in professional education. Requirements in 
professional courses in the colleges, of course, are very strongly influenced 
by state certification requirements. Both institutional and state require- 
ments tend to become higher from year to year. It is probable that very 
few public high-school teachers of chemistry will be able to enter upon their 
chosen work in the future, if they do not offer a minimum of say a full se- 
mester’s work in the more valuable among the courses in professional educa- 
tion, such as student teaching, educational psychology, principles of high- 
school education, special methods and materials in teaching chemistry, and 
similar courses. 

In the past there has been considerable difference of opinion between 
the exponents of teacher-training by means of pure scholarship and mastery 
of subject-matter in college or in graduate work and the professional educa- 
tion people, especially those who had to train teachers of public school 
children. In recent years, the demands of public school employers for 
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professionally trained teachers, that is, those who can handle subject matter 
to best advantage in the instruction of public school children, have given 
the education people a decided advantage, since they were originally the 
chief advocates of such reorganization of subject matter. Lately the more 
thoughtful among both the professional education people and the sub- 
ject-matter specialists alike are beginning to get together. The education 
people say they are willing to cut down on the methods and history of 
education, and certain other professional content, if the subject-matter 
people will reorganize, reselect, and readapt their material more nearly to 
meet the needs of the elementary and high schools. It seems to me this is 
the best way to settle the argument. After all, both sides are or, should be, 
working to one end; that is, the most effective development possible of 
the pupils in the schools. When this aim is clearly seen and acknowledged, 
there should be no conflict. 

In Table II is shown the number of semester hours in professional educa- 
tion taken by 242 college teachers of chemistry. Of the 741 teachers, 499 
reported no work in professional education; these are not shown in the 
table. Thirty-three per cent, therefore, of the entire number have had 
training ranging from 1 to 70 semester hours in professional education. 


TABLE II 


Number of Hours Taken in Professional Education by 252 Teachers of Chemistry in 
State-Supported Colleges and Universities* 


Number of Teachers by Rank 
Number of All Associate Assistant 
Hours Ranks Professor Professor Professor Instructor Assistant 


3 4 5 7 
4 9 é 14 

7 11 14 

4 11 7 

9 20 

7 11 

1 1 
1 2 
1 
1 : 
1 


70 


32 24 51 7 
12 11.3 12.5 13.8 15 


* Of a total of 741 teachers reporting, 499 or approximately two-thirds have taken 
no courses in this field. 


The median amount of college credit received by those taking work in 
professional education is as follows: all ranks, 13 semester hours; pro- 
fessors, 12 hours; associate professors, 11 hours; assistant professors, 13 
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hours; instructors, 14 hours; assistants, 15 hours. You will note an 
increase in the number of hours taken as you go down the ranks. The 
teachers are younger in the lower ranks, and received their training during 
comparatively recent years, during which the subject-matter field of educa- 
tion has been largely developed. As the young men move upward through 
the ranks, the amounts of training in professional education will probably 
tend to increase somewhat in the higher levels. 


Teaching Experience 


Progressive teacher-preparing institutions are more and more interested 
in securing staff members with public-school experience. Of 753 teachers 
of chemistry reported on this particular item, 206 or twenty-seven per 
cent have had teaching experience in the public schools. Returns were 
received from twelve not included elsewhere. The typical amount of ex- 
perience of teachers who have had any experience at all is about three 
years. Ten per cent of those with experience have taught ten years or more 
in elementary or secondary schools. Staff members with professorial rank 
have had more experience comparatively than instructors or assistants; 
as many as thirty-eight per cent of the associate professors reporting have 
had public-school experience. Detailed data are given in Table III. 


TABLE III 


Teaching Experience in Elementary and Secondary Schools 
Total Total Percent- 
Number Number age 
Number Who Have Experience of— Having Teachers Having 
One Two to FivetoNine Ten or Experi- Report- Experi- 
Year Four Fears Years More Years’ ence ing ence 
a 6 7 


Professor 14 47 158 
Associate professor... 34 90 
Assistant professor. . . 45 128 
Instructor 41 193 
39 184 

206 753 


There is no doubt that teaching experience of the right sort in the 
public schools brings to a teacher much that the college cannot offer. If 
you will look over typical salary schedules of public schools, you will find 
that more often than not, the teacher with plenty of experience gets a 
higher salary than the teacher with much more training, but with no previ- 
ous experience. The college instructor who trains teachers is handicapped 
all through his career if he does not somehow inform himself about public- 
school needs. Some one has said that one’s first year in teaching is worth 
more than any single year he can ever spend in college. Those institutions 
that can approximate some of the conditions in the public schools in the 
training of teachers of chemistry have a decided advantage over the insti- 
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tutions that do not. Here the advantage is seen of having a modern 
training school and a good training-school staff, and plenty of contacts with 
public schools, although even in a good training school there is much that 
cannot be supplied and that must be learned on the actual job itself. 

It is not always easy for the smaller colleges to compete nowadays with 
the wealthier cities in securing teachers, in providing equipment and 
laboratories, and in other respects. There are plenty of large city high- 
school teachers who would not accept the salaries offered by some pretty 
well-known colleges. But there are plenty of teachers with public-school 
experience that may be secured and that should be secured. They will 
bring a viewpoint that every teacher-preparing institution should strive 
to present to its students in training. 


Distribution of College Teachers of Chemistry over the Several Ranks 


Of 741 teachers reporting, 152 or 21 per cent are professors; 12 per cent, 
associate professors; 16 per cent, assistant professors; 25 per cent, in- 
structors; and 25 per cent, assistants. A hint is given here as to one means 
employed by the institutions to cope with increasingly large numbers of 
students; they employ numerous teachers of low rank and salary, rather 
than more expensive teachers of higher rank. This particular situation is 


unfortunate; for while the best men in the institution may be shining lights, 
they are seen only at a distance by those who need the light most. One 
full professor to five other teachers of lesser rank is a sadly unbalanced 
proportion. 

Teachers’ salaries and teacher qualifications are intimately related. 
Employers get about what they pay for most of the time. The best 
people will not enter teaching if they can do considerably better in another 
occupation. The salaries of 741 college teachers of chemistry are shown 
in Table IV. The median salary of all ranks excluding the assistants, 
who are usually part-time workers, is $2904. The median for. professors 
is $4172, associate professors, $3304, assistant professors, $2825, and 
instructors, $2035. The assistants, on a part-time basis, earn a median 
salary of $833. ’ 

The range is from less than $250 (for assistants) to more than $7750. 
The lowest salary reported paid to a full-time professor is between $2000 
and $2259. ‘These figures do not include salaries of teachers in colored 
schools, nor, at the other extreme, a very few exceptionally high salaries 
in the larger privately controlled universities. Salaries were reported for 
the annual period of employment. This is usually nine months, but some- 
times ten, eleven, or twelve. Studies made by the Office of Education 
show, unexpectedly enough, that teachers of professorial rank, as a group, 
who are employed in state colleges and universities on a nine-months’ 
basis actually earn slightly more during the year than those employed for 
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TABLE IV 


Salaries of College and University Teachers of Chemistry 


Number of Rank 
d Associale Assistant 
Salary Ranks Professor Professor Professor Instructor Assistant 


1 Z 2 4 bs 6 
$249 or less........... 
250-$499............ 
500-749............. 
750-999............. 
1,000-1,249 
1,250-1,499........... 
1,500-1,749........... 
1,750-1,999........... 
2,000-2,249........... 
2,250-2,499........... 
2,500-2,749........... 
2,750-2,999 
3,000-3,249........... 
3,250-3,499 
3,500-3,749........... 
3,750-3,999........... 
4,000-4,249........... 
4,250-4,499........... 
4,500-4,749........... 
4,750-4,999........... 
5,000-5,249........... 
5,250-5,499........... 
5,500-5,749........... 
5,750-5,999........... 
6,000-6,249........... 
6,250-6,499 
6,500-6,749 
6,750-6,999 
7,000-7,249........... 
7,250-7,499........... 
7,500-7,749........... 
7,750 or over 


— —& bh —_ . 
NPN KEN K- 


bo or 


bo & 


152 92 128 182 187 
)\!) C01 ar ra $2400* 4172 3304 2825 2035 833 


* This median includes assistants, most of whom are part-time workers. The 
median for all ranks other than assistants is $2904, which is the more significant figure. 


ten, eleven, or twelve months. The difference in salary is not great in any 
rank. One is tempted to remark facetiously that, if you are a professor, 
the less work you do in a year the more pay you get. 

How do the salaries of teachers of chemistry compare with the salaries of 
other college and university teachers? A study made by the Office of 
Education of 10,891 college teachers, in practically the same institutions 
from which the data for this study were secured, shows that the median 
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salary of deans is between $5000 and $5200 on an eleven and twelve, and 
on a nine months’ basis, respectively; of professors $4100 and $4300; 
associate professors, $3200 to $3400; assistant professors $2900 to $2700; 
instructors, $2200 to $2000. In other words the median salary of teachers 
of chemistry in all ranks is $200 to $300 more than the median salary of all 
teachers in the state-supported institutions studied. The salary of pro- 
fessors of chemistry is about $400 more, but these faculty members in- 
clude a few professors who are also deans. On the whole, if the amount of 
salary is a measure of the importance of the work, chemistry ranks well 
among the college subjects. It is entirely possible, of course, that the 
outside demands of industry help to hold up salaries for chemistry teachers. 
The institutions could not secure men with ability or earning capacity if 
they did not pay fair salaries. 

No one pretends, however, that salaries paid teachers of chemistry are 
sufficient. The mere fact that most of these teachers are in the lower ranks 
indicates that the institutions are still struggling along with entirely too 
many underpaid men of low academic rank. One of the most essential 


TABLE V 


Annual Earnings in Outside (Non-Institutional) Work of 158 College and University 
Teachers of Chemistry* 


Number 
All Ranks 
Full Other than 
Amount All Ranks Professor Full Professor 


I y. 3 4 
Less than $250 71 16 55 
$250-$499.......... 28 ; 
00-700............ 1: 
700—000........... 7 
1000-1249.......... 
1250-1499.......... 
1500-1999.......... 
2000-2249.......... 
Over $2250 3 
46 112 
$519 261 


i) 


* Returns were received from 721 teachers, of whom 158, or about 22 per cent, 
reported supplementary earnings. 


points in teacher preparation is the necessity for salaries sufficient to justify 
promising men to carry through their graduate work to the doctorate, and 
thus assure themselves of the thorough scholarship that is an essential 
element among the professorial assets of the superior teacher of teachers. 

Do college teachers of chemistry supplement their salaries to any con- 
siderable extent by outside work? If so, what do they do? How much 
do they earn? Some light is thrown on the answers to these questions in 
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Table V. Of a total of 721 teachers reporting, 158, or about twenty-two 
per cent, reported that they earned supplementary funds in addition to 
their regular salary as teachers. Of the 158 teachers who reported addi- 
tional earnings, 71 earned less than $250 per year. The median earnings 
of the 158 teachers was $321 per year. A very few reported comparatively 
large earnings; five teachers reported earnings of $2250 or more per year. 
One reported $6000, one $7000, and one $15,000. <A few did not state 
their earnings. It is not believed, however, that fear of the income tax 
collector kept very many from reporting. 

The teachers of full professorial rank earned considerably more in addi- 
tion to their regular salaries than the teachers of any of the other ranks. 
The median supplementary earnings of forty-six full professors was $519; 
of all other ranks, $261. The men who receive the lower salaries also earn 
less on the side. It appears true in colleges that ‘‘to him who hath, shall 
be given.” 

What do those who earn extra money do? They are engaged in almost 
any occupation that comes to hand. The most commonly mentioned of 
the many part-time occupational groups is that of consultants, but the 
number is not large. The next largest group is composed of writers of 
books or articles on chemistry. The journals of chemistry and the popular 


science press are helping keep the wolf from the door of several deserving 
chemists. After these groups come a variety of occupations, such as 
beekeeping, attendance at army summer camp, work in church choirs, 
commercial research workers in chemistry, and officiating at football 


games. 

Less than one-fourth, then, of the teachers earn appreciable amounts of 
money in addition to their regular salaries. Upon their comparatively 
modest salaries the bulk of the teachers must depend to support themselves 
and their families. Too many are forced into work that contributes noth- 
ing to their efficiency on their main job. Too many times they are forced 
into poorly paid work that contributes to their unhappiness and reduces 
the energy needed for teaching. A great surgeon or lawyer does not have 
to work at pick-up jobs Saturdays and evenings to enable him to educate 
his children. May the day soon come when the teacher can say as much. 

What is the age of college teachers of chemistry? In Table VI are shown 
the ages of 741 teachers reporting. The median age of all these college 
teachers of chemistry is 33 years; of professors, 46 years; associate pro- 
fessors, 41 years; assistant professors, 34 years; instructors, 30 years; and 
assistants, 25 years. There is, therefore, a range of five years between the 
median age of assistants and instructors; of four years between instructors 
and assistant professors; of seven years between assistant professors and 
associate professors; and of five years between associate professors and 
full professors. One cannot, however, state on the basis of these data that 
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TABLE VI 


Ages of 741 College and University Teachers of Chemistry 


Number by Rank 
All Associate Assistant 
Ranks Professor Professor Professor Instructor Assistant 


2 3 6 7 
2O-FA ees ces 10S ae = 13 90 
DO eco tons RES 2 : 89 65 
SO=345 2.252.222 F48 11 14 5S 21 
S8-O0F csc cases TOL 7 j 11 
40-44 85 37 2 1 
ASA oe ics “46 j ee 
GOR SS icone.  —38 22 
55-59 22 15 
Se eee eee 9 
65-69) noice ane 2 
70 or over 2 ae oe a 
Total number..... 7: 152 93 122 188 
Percentage 21 12 16 25 25 
Median 32. 45.7 40.5 34.1 29.5 25.3 


a given student assistant, for instance, will spend twenty-one years be- 
coming a full professor since different individuals constitute the two groups. 
One can use the figure only as a good guess. The difference between the 
median ages of instructors and full professors is sixteen years. One is 
permitted the guess only that this period represents the time of progress 
through the ranks. The young college instructor in any case, however, 
who looks forward to a college teaching career in chemistry may well expect 
a long period of waiting before he becomes a full professor. The difference 
in the median salaries of instructors and professors is $2137. Again, one 
cannot say that the average yearly increment in the salary of a given 
teacher, or even of a group, is $146, for the data cannot be used in this 
way; but the figure is an interesting guess that may give one more idea of 
what the career of a college teacher is like. One must remember, too, the 
selective influences that weed out many teachers who never reach the rank 
of full professor. Only the fittest, perhaps, survive. 

In any case, it is perfectly clear that teaching in college does not, for 
superior men, offer anything like the financial opportunities for superior 
men in law, medicine, or a number of other occupations. Fortunate in- 
deed is the teacher whose temperament is such that he loves his work. No 
other type of man should be encouraged to undertake the long period of 
training necessary to attain any considerable degree of success in teaching. 


The Curriculum 


Only brief mention can be made here of the numerous curricular problems 
with which the teacher trainer is confronted. The first that may be men- 
tioned concerns the unnecessary overlapping and duplication of content 
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between high school and college. While not all duplication is to be con- 
demned, excessive’duplication between high-school and college chemistry 
is serious. Some standard college texts do not contain as much as a fifth 
more than some high-school texts. Much work of early college grade is 
in reality of secondary grade. In particular, the courses in inorganic chem- 
istry are characterized by repetition of content. 

A study recently came to my attention that had the rather interesting 
conclusion that freshmen who study college chemistry do just about as well 
in the college subject if they have never had any high-school chemistry as 
they do when they have had the course in high school. I have heard in- 
structors say the same thing regarding their students. Here we have a 
first-rate problem that is worthy of a great deal of study. 

Duplication of content is not confined to chemistry, but constitutes a 
very real problem of modern secondary and higher education. There are 
movements to integrate more closely high-school and college work, whereby 
duplication may be reduced and time saved. For instance, it is proposed 
in a few places to organize the whole school program on a 6-4-4 basis; that 
is, six years of elementary school education, four years of high-school edu- 
cation, and four years of college education, followed by university work 
beginning with what is now the junior year in college. The whole pro- 
gram above the sixth grade, according to this scheme, is stepped down 
somewhat; the junior high school plus the one year of the senior high school 
constitutes the new high school, and the junior college and upper two 
grades of the senior high school constitutes the new college. Whether 
or not this particular scheme is adopted, the movement is indicative of 
changes that characterize modern education, and that we must consider 
when tempted to rely too much on tradition for our sole guidance. 

Another curricular problem is that of deciding upon the proper subject- 
matter combinations that a trainee should take in college. The whole 
matter of supply and demand is also involved here. 

Teachers of chemistry, especially in the small high schools, are frequently 
called upon to teach other subjects, such as physics, general science, bi- 
ology, and mathematics. Not infrequently teachers are called upon to 
instruct in two, three, or even four or more different subjects. Employers 
are often negligent in placing teachers in the positions they are best quali- 
fied to fill. This condition is being remedied in progressive states by certi- 
fication by subjects as in West Virginia and other states. Teacher trainers 
must coéperate in preparing trainees for teaching the combination of sub- 
jects demanded in the schools. It is not an ideal situation, but it de- 
mands a practical solution. Teachers solely of chemistry should major in 
this field. 

With a growing condition of oversupply of teachers, proper advisement 
of students will assist in helping them to secure employment most advan- 
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tageously, and at the same time afford the maximum possible service to 
the schools. Local state or regional needs, as ascertained through studies 
by the institution or by the state department of education, will help ad- 
visors and students in determining proper study combinations in a given 
institution. 

Another curricular problem arises in the extraordinary variety of de- 
mands upon the high-school teacher. He is more than a teacher of a given 
subject; he is a teacher of young people and a member of a school com- 
munity of wide interests. He will have a broad range of semi-administra- 
tive duties, and community contacts, and even some clerical work to handle. 
Some of his best opportunities for influencing the lives of his pupils will 
come outside his classroom. 

Charters and Waples, in their Commonwealth Teacher-Training Study, 
list 1001 activities commonly undertaken by teachers. Learning is 
specific. In one way or another, some kind of training must be given in 
as many of these activities as possible. Not all can be handled in the class- 
room; but it would be of profit for every teacher to study this list, and 
answer the question: “Just what am I doing to prepare my students for 
each of these activities?”” He would approach his task with new humility 
and considerable enlightenment. 

A great deal nowadays is being said about vitalizing our courses in the 
arts and science subjects in high and elementary schools. In some places 
the term “‘professionalized subject-matter” is used to designate teaching 
materials selected and organized in accordance with the findings of educa- 
tional psychology, with the experience of skilled teachers, and with the 
judgments of curriculum builders who have studied carefully the actual 
needs of pupils in everyday life. The customary logical arrangement of 
subject matter in some of the sciences, the topics selected, and the methods 
of teaching have been severely attacked at times. Education cannot re- 
main static in an age changing so rapidly as this. The teacher must study 
the causes for the changes coming into our schools. He can do this best 
by himself attending graduate schools. If he does not in some such way 
keep up to date he will find himself in the position of a hopeless conserva- 
tive, in opposition to almost any new movement in education; he has 
reached the end of his education, and his career in teaching is largely over. 

Inevitably, as the young teachers get their experience, the older teachers, 
no matter how good they once were, are going to be supplanted by a new 
staff trained in accordance with the needs or demands of a newer genera- 
tion. The only safeguard of the older teacher is to keep reasonably well up 
in his own professional training. 

Another problem that must receive attention as chemistry teaching ad- 
vances in the future is new changes of emphasis in the subject matter taught. 
Advanced training in organic, quantitative, qualitative, physical, industrial, 





80 JOURNAL OF CHEMICAL EDUCATION January, 1931 


and other phases of chemistry is growing at the expense of other phases em- 
phasized in earlier days. Educators are growing more and more to feel that 
the influence of mere tradition should be lessened in the selection, organi- 
zation, and presentation of subject matter, and curricular construction put 
on a purely functional basis. The study necessary to make real progress 
in the field of curricular development is simply tremendous. The ex- 
penditure of millions of dollars in research on the matter of curricular re- 
search would not be too much; for the curriculum and the way you teach 
it, in order to arrive at the true objectives of training young people, are the 
only really important problems. Problems of administration, plant, and 
equipment, and so on, all seem insignificant when you get into the problem 
of what you teach in relation to the life needs of pupils. To analyze life 
itself and then set up means to modify our living, is a pretty big job. 

The matter of special methods, in the narrow sense of instruction in 
devices, is no longer stressed so much in teacher education. However, 
there is a promising field of research in the whole matter of how to teach. 
I have listed some conclusions from recent studies, usually of limited scope. 
Probably no one of the conclusions is the final word, yet each of them gives 
one something to experiment with in his everyday teaching. 


1. The accomplishment of project classes, measured by standardized tests, is slightly 
better than that of non-project classes. 

2. Distinct gains over the usual plan of teaching are realized by an intensive plan 
of directed study. 

3. Aims of teaching chemistry vary widely among schools. More uniformity is 
desirable. 

4. There is too much parrot-like repetition of textbook material in the teaching of 
chemistry. Broader knowledge of teachers would vitalize much of this teaching. 

5. High-school chemistry cannot be taught successfully purely as a memory sub- 
ject. 
6. One of the purposes of high-school chemistry teaching is to enable students to 
find their abilities along this line. The able should be encouraged to carry on; the poor, 
to obtain the maximum benefits to the extent the subject is pursued. 

7. The general principles involved in the specific cases studied should be empha- 
sized under all circumstances. 

8. An important emphasis in the teaching of chemistry is to show the services of 
chemistry to the home, té health, to medicine, to agriculture, to industry, etc. 

9. Too many students do not learn the definitions of common terms. 

10. There is a weakness in the knowledge of students of important industrial 
processes. 

11. Few students possess the ability either to write names of chemical substances 
from their formulas or the formulas from their common names. 

12. It is futile to expect students to be able to write more than a few entire equa- 
tions for given chemical processes or reactions. 


A discussion of the status of teacher training in the United States is 


largely an account of one phase of an endless process of educational evolu- 
tion. Changes are slow; tradition is strong. For example, even in this 
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day of separated state teachers’ colleges—the number has increased from 
46 to 136 in the past eight years—the traditional arts and science institu- 
tions still remain teacher-training institutions to an extent that even most 
of their faculties do not comprehend fully. Two hundred nine of these 
colleges recently reported to the N. E. A. Committee on Articulation that 
of 37,000 graduates with the bachelor’s degree, forty-two and six-tenths 
per cent went into teaching. Recent studies have shown that sixty to 
eighty per cent of the Ph.D. graduates of our leading universities enter 
teaching. The proportion may be a little less among chemists, since some 
enter industry, but it is not much less. The training of teachers is thus 
one of the most important, if not the most important of the functions of the 
vast bulk of the colleges, just as it has been for a long time. The kind of 
training staff members in the arts and science colleges have, therefore, still 
determines to a substantial degree the kind of high-school instruction we 
shall have in the future. Teacher-training remains a distinctive activity, 
therefore, that the college teacher must perform whether he is interested 
in it or not. 

Current changes of varying significance, however, often give rise to some 
thought concerning the many complex factors entering into the general 
program of teacher training. A few items may be mentioned. The birth 
rate of this country is decreasing; consequently, the enrolments in the 
elementary schools have reached practically a standstill. However, the 
American people are thoroughly sold to the idea of education. The outlay 
for the schools constantly increases. Enrolments in elementary schools 
do not. Does this mean that as the wealth of the country increases, 
we shall expect a new era of development of our schools, with a new and 
finer emphasis on quality, as a result of having increased means to buy 
quality? The number of men in teaching is now slowly increasing, con- 
trary to the tendency of a few years ago. What economic factors are at 
work? Enrolments in teacher-training courses are not increasing so rapidly 
as a few years ago. This may result from a number of unanalyzed factors, 
such as the lengthened training period now required, the working of the 
law of supply and demand, and several other factors. The expense of? 
training teachers has increased over a long period of years. It varies 
greatly among the large and small institutions. What efforts will be made 
in the future to control the location of teacher-training institutions, so that 
more economical programs of training will be possible? A half dozen of 
the larger universities have during the past ten years seriously entered the 
field of preparation of college teachers, with emphasis on the more charac- 
teristic elements of teacher preparation as advocated by educationists. 
What are the possibilities of this field? These and many other questions 
indicate that the present status of teacher preparation is in a period of 
change that may give to us a quite different picture of the field within 
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another generation. In this connection should be mentioned one of the 
chief purposes emphasized nowadays in the education of teachers. This 
is the upbuilding of a professional group of trained people that in prestige 
and ability will compare favorably with members of the learned professions. 

The development of chemical education in the more characteristic ele- 
ments of a genuine profession has been largely confined to the present 
century. The American Institute of Chemical Engineers, for instance, was 
not organized until 1908, hence, as a profession, this particular group of 
chemical engineers is one of the youngest groups of the new profession of 
engineering. Today from nine to eleven per cent of the engineering pro- 
fession are chemical engineers. Chemistry as a field is of course much 
broader than the field of chemical engineering or applied or industrial 
chemistry, but is being built up in the same way. 

The teaching of chemistry as well as of other subjects in the proper sense 
is also largely a development of this century. The growth of scientific and 
semi-scientific methods of research in educational psy<'-slogy, statistics, 
sociology, tests and measurements, curricular analysis, school and class- 
room administration, school finance, and so on, has resulted in the accumu- 
lation of a body of knowledge that has given education just claim to rec- 
ognition as a new and genuine profession. Our group grows in dignity 
and prestige as it develops more and more not only a specific field of knowl- 
edge but also the other attributes of a profession. 

In the past, the large turnover of teachers, who usually serve only about 
five years in the high schools, led to the charge that we had a teaching 
procession, rather than a teaching profession. This condition is still seri- 
ous, but hope lies ahead. Teaching is less and less a stop-gap between 
college and law, business or matrimony. To a decreasing extent, we call 
our occupation a profession with our tongues in our cheeks. Learning to 
teach is becoming somewhat less a matter of learning endless detail and 
more a matter of finer development of high-school youngsters for genuine 
living. As teachers we are more and more in earnest about building up 
a worthy career, with the services and rewards worthy of a genuine pro- 
fession. 

The development of scientific research, and the establishment of norms 
of practice, are among the greatest developments in education in all time. 
Research has now become a matter of national interest. The last Congress 
appropriated $200,000 for a survey of teacher training on a national scale. 
The purpose, according to the wording of the Act, is “to make a study of 
the qualifications of teachers in the public schools, the supply of available 
teachers, the facilities available and needed for teacher training, including 
courses of study and methods of teaching.” This survey began July 1, 
1930. When this study and other studies of the future are completed, the 
line of advance on the irregular frontier of knowledge will again be ad- 
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vanced, and I trust that all of us will be nearer the day when the basis for 
educational procedure on the part of intelligent teachers will be not the 
unscientific dictates of tradition, but an adequate body of ‘organized, 
systematized, knowledge’”’ about a profession second to none in impor- 
tance to the human race. 
Literature Cited 
(1) Bureau of Education Bulletin, 1929, No. 14, and Bulletin, 1929, No. 38. 
(2) J. Cue. Epuc., 7, 1366-70 (June, 1930). 
(3) Kinner, “Requirements for Secondary School Teaching Certificates in the 
Case of Persons without Teaching Experience,’’ Sch. Rev., 38, 110-4 (Feb., 
1930). 


THE QUALIFICATIONS OF CHEMISTRY TEACHERS IN 
SECONDARY SCHOOLS* 


WILHELM SEGERBLOM, PHILLIPS EXETER ACADEMY, EXETER, NEW HAMPSHIRE 


The growing importance of chemistry in industry and culture necessitates 
the best instruction possible in the schools. The secondary-school teacher of 
chemistry needs a certain amount of specialized knowledge and training. A 


certain amount of mathematics and other sciences is desirable. Some knowl- 
edge of teaching methods is also desirable. Certain qualities that are looked 
for in students should find their highest expression in the teacher. 


I shall use considerably less than the forty minutes allotted to me to 
speak on the qualifications of chemistry teachers in secondary schools, 
not because this aspect of the question of teacher qualifications is less im- 
portant than those aspects which the following speakers are to discuss, but 
because the whole situation can be expressed in one short sentence. 

That person is best qualified to teach high-school chemistry who has; 
(1) a love for the subject itself, (2) a love for pupils, and (3) a love for the 
job of transferring the subject to the pupil. 

That, to my mind, expresses, in a nutshell, my contribution to this’ 
symposium, but of course you will immediately be reading into these three 
phases of the question certain very important details. It is those details 
which we might profitably consider for a few moments. 

First, love of the subject itself implies a thorough knowledge of so much of 
the subject as is necessary to do one’s work effectively. 

Those of us who are old enough to remember how little chemistry we 
needed to teach our pupils thirty to thirty-five years ago to fit them to pass 


* Contribution to the symposium on “The Qualifications of Chemistry Teachers” 
held by the Division of Chemical Education at the 80th meeting of the American Chem- 
ical Society, at Cincinnati, Ohio, Sept. 10, 1930. 
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the entrance examinations for college will realize easily to what extent the 
entrance requirements have been increased during this period. It is evi- 
dent therefore that the subject-content qualification of the chemistry 
teacher of today is of considerable importance. 

That the knowledge of subject-content is not likely to be reduced any in 
the future is evident, (1) from the possibly greater interest of modern youth 
in things scientific, (2) from the opportunities afforded by the student 
science clubs of today, (3) from the increasing reluctance on the part of 
the student to accept statements simply because “the teacher says so,” 
and (4) from the recent increase in printed scientific matter of a popular 
nature for the lay reader. 

It would seem therefore that the chemistry teacher should have had, as a 
minimum, college courses in general inorganic chemistry, organic chemistry, 
qualitative analysis, quantitative analysis, and physical chemistry, the 
first because of the basic principles and general information involved, the 
organic because of the important réle organic substances play in the life of 
today, the two analytical courses because of the practice in laboratory tech- 
nic they give, and the last because of the increasing work on the border 
line between chemistry and physics. 

The foregoing is the speaker’s personal opinion but it corresponds closely, 
though not exactly, with the findings of the Division’s Committee on Prep- 
aration of High-School Chemistry Teachers (1) of which a later speaker in 
this symposium, Dr. A. J. Currier, is chairman; it agrees similarly with 
the Preliminary Report of the Committee on Education of the American 
Institute of Chemists (2) and with a number of individual and committee 
pronouncements. 

I have in mind the teacher who is fortunate enough to teach chemistry 
only. In that case he would do well to have as a background those other 
undergraduate courses in chemistry which are ordinarily given in college, 
in order to give him added chemical background. Mathematics should 
have been pursued through analytical geometry. Of course, English should 
have been pursued each year up to graduation from college with special 
emphasis on ability to express one’s self in clear and correct manner. Abil- 
ity to read scientific French and German is still a desirable, and occasionally 
a necessary, accomplishment. A course or two on methods of teaching and 
on education are desirable, usually helpful, and often required by law for 
teaching in a public school system. If there is room and time for any 
“remaining subjects” the prospective teacher should certainly be given 
opportunity to choose such as appeal to him (or her). 

All the foregoing applies to the person for whom chemistry is to be the 
only subject on his (or her) teaching schedule. How about the high-school 
teacher who must teach other subjects in addition, for unfortunately there 
are still ‘some such” in the United States? 
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E. W. Phelan (3) in his article on ‘“The Status of Chemistry and the 
Chemistry Teacher in the Ohio High Schools” points out that in from 
two-thirds to three-quarters of the county and city high schools investi- 
gated, chemistry teachers had to teach one, two, or three ‘‘other subjects’’; 
and in some cases as many as five or six other subjects. Now, let us not 
for a moment assume that Ohio is the only state in which such conditions 
exist, for the evidence is to the contrary. 

What is the solution? Theoretically, the prospective teacher should 
specialize in college just the same in proportion on these “other subjects” 
as it was just indicated he should specialize on chemistry, but practically— 
well, that is another question. He simply does not ‘qualify,’ and we 
hear and read of what A. M. VandeVoort (4) in her article on the normal 
school and teachers’ college situation calls ‘‘the inadequacy of the prepara- 
tion of teachers.” 

When G. Zeismer (5) says that ‘‘forty per cent of the (science) teachers 
(in Wisconsin) have not majored in science and, obviously, are not pre- 
pared, or very meagerly prepared at best, to teach the science subjects,” 
we hesitate to lay the blame on the teachers. 

Dr. J. E. Mills (6) has pointed out that ‘‘in some states a student who 
has satisfactorily specialized in chemistry at his state university, following 
exactly the course recommended by the institution, and who has received 
the degree of bachelor of science in chemistry, is not allowed to teach chem- 
istry in any accredited high school of his state.’’ The trouble seems to be 
that the number of semester hours of educational work required for a 
teacher’s certificate precludes sufficient time devoted to the subject special- 
ized in. Obviously, if a properly “‘qualified’’ teacher of chemistry is de- 
sired he should be given opportunity to qualify himself properly. 

Our second qualification—a love for pupils—seems perhaps less definite 
than the love for the subject itself but it is none the less important. 

Some one has said that students should be: interested, reliable, neat, 
accurate, careful, conscientious, thorough, serious, punctual, studious, 
honest, ambitious, polite, diligent, willing to work, inquisitive, enthusiastic, 
investigative, and able to follow directions. ’ 

Why should we not add to this that the chemistry teacher should also 
have these same qualifications? 

It is a truism that children are imitators. So are we older children for 
that matter. How can the teacher, who has the pupil’s interest at heart, 
better inculcate the desirable qualities just mentioned than by being a 
living example of them himself (or herself) ? 

Such “‘living example’ instruction is well illustrated by: (1) carefulness 
and skill in the manipulation of apparatus, (2) accuracy in taking measure- 
ments, (3) system, order, and neatness in the arrangement of apparatus, 
and many similar procedures which readily occur to one. 
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For the teacher to manifest the above qualities, certain qualities of a 
less chemical nature are helpful, namely, character above reproach, pleas- 
ing personality, good health, respect for law and religion, etc., and these 
should not be neglected. 

The third qualification—love for the job of transferring the subject to 
the pupil—is so closely associated with love for the pupils that many of 
the things just mentioned apply here also. 

From the title one thinks first of courses in education as the best source 
of help. J. O. Frank (7) says: 


Since chemistry teachers have to teach in high school, it is obvious that they must 
thoroughly understand teaching at the high-school level and especially the teaching of 
high-school science. We must provide for not only an understanding of secondary 
education, but also technic in teaching. 


On the other hand, Brownell and Wade (8) say: 


It is very likely that theory and methods courses in education have been so divorced 
from whatever subject matter is to be taught as to become mere abstractions, and in 
many cases but a shibboleth of the vocabulary of education, lacking in vital relationship 
and significance. 


How shall it be determined whether a teacher has the desired qualifica- 


tions? Let us cull our answer from a recent article by F. C. Coulson (9) of 
the Roosevelt High School, Chicago. Among other things, it says: 


The chief aims of elementary chemistry should be: (1) to give the pupils an idea of 
the importance and significance of chemistry in our national life, (2) to give information 
of definite service to home and daily life, (3) to develop specific interests, habits, and 
abilities which should be contributed by all sciences, (4) to secure an element of contin- 
uity in science by knitting together previous science work through recall and through the 
presentation of principles—new ones and elaboration on old ones, and (5) to help the 
student discover whether he has an aptitude for further work in pure or applied science 
and to induce such pupils to continue science studies in the university or technical school. 


If the teacher is achieving these results, why ask if he (or she) has the 
requisite ‘‘qualifications’? College admission committees and college 
chemistry teachers may measure the high-school teacher’s qualifications 
by the results of set examinations or by the student’s ability to continue the 
study of chemistry in college. State and community boards of education may 
have their own criteria of the qualifications necessary to teach chemistry 
successfully, but a consideration of these may be a little beside the question 
at present. In the last analysis, is not the teacher himself (or herself) the 
best judge? The teacher who has the three loves mentioned at the begin- 
ning of these remarks, and whose vision and effort is constantly forward and 
upward certainly knows instinctively whether the qualifications are present 
or absent. 
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That this subject of qualifications is timely and important today is 
evidenced by a number of facts: (1) the presence of this symposium on 
our program, (2) the activity of the numerous committees of our Division 
bearing on the problems of the teacher, (3) the three-year survey of public- 
school teacher training recently initiated by the Office of Education of the 
Department of Interior to make a study of the qualifications of teachers 
in the public schools, the supply of available teachers, the facilities avail- 
able and needed for teacher training, including courses of study and 
methods of teaching, (4) the work of the Committee on Professional Train- 
ing appointed by the Central Association of Science and Mathematics 
Teachers, especially their recommendation that ‘‘courses offered in the 
teaching of high-school subjects or in practice teaching be taught or super- 
vised by instructors who have been trained in subject matter as well as 
in methods of teaching”’ (10), to say nothing (5) of the many individual 
investigations bearing on this subject as evidenced by numerous articles 
in the printed publications which reach the teacher’s desk. 

Is there any solution to the questions arising out of the consideration of 
the qualifications of high-school chemistry teachers? We should be 
untrue to the trust imposed on us by our association with this Division of 
Chemical Education if we were other than optimistic for the future solu- 
tion of these questions. 

As some of the steps in the right direction we might mention: (1) a 
greater and constant effort on the part of the teacher to perfect himself (or 
herself) in the knowledge of chemistry and other directly associated tools 
of the job, (2) sharing our successes and problems with others through 
joining an association of chemistry teachers, (3) getting school principals 
and boards of education to recognize the difference between instruction 
in chemistry and that in other subjects to the extent of providing the chem- 
istry teacher with the proper conditions under which to work, and (4) 
then finally measuring up to the enlarged opportunities. 

Finally, let me close as I began: That person is best qualified to teach 
high-school chemistry who has: (1) a love for the subject itself, (2) a 
love for pupils, and (3) a love for the job of transferring the subject to the 


pupil. 
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THE QUALIFICATIONS OF CHEMISTRY TEACHERS IN 
COLLEGES AND UNIVERSITIES* 


Ne ru E. Gorpon, THE JOHNS HOPKINS UNIVERSITY, BALTIMORE, MARYLAND 


A plan for the preparation of college teachers, where the students are se- 
lected for their personal qualifications as well as for their scholastic record is 
outlined. The plan has four main objectives: (1) mastery of content of the 
subject to be taught; (2) experience in research within the field of the subject 


taught; (3) adequate training in methods of teaching as applied to chemistry; 
(4) practice teaching under supervisors. Itis hoped that this plan will result in 
an improvement in chemical education through the cooperation of the chemical 
industries and the chemistry department of The Johns Hopkins University. 


The subject assigned to me is one involving questions identical with 
many which confront us in the work in which we are engaged at The Johns 
Hopkins University. Hence I shall discuss these problems largely from 
the standpoint of our own attack upon them in so far as it has already pro- 
ceeded. 

The time at my disposal might be emp'oyed in outlining for you a verbal 
portrait of the ideal university instructor in chemistry—but to what profit? 
Others have already done the same thing and, no doubt, better than I 
could do it. Most of us will recognize this rara avis if we ever encounter 
him but few of us have any idea where his natural habitat may be or how 
he may be bred in captivity. 

The question which may profitably engage our attention at the present 
time is not: “What constitutes an ideal college chemistry teacher and 
where can we trap some?” Itis: “Can we produce better college teachers 

* Contribution to the symposium on ‘‘The Qualifications of Chemistry Teachers” 
held by the Division of Chemical Education at the 80th meeting of the American Chem- 
ical Society, at Cincinnati, Ohio, Sept. 10, 1930. 
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than we are now producing and, if so, how?” Practical suggestions are 
needed—not day-dreams. 

Any one who is at all skeptical about the interest taken by presidents 
of colleges and universities in the qualifications of their faculties should 
read the March, 1929, issue of the Bulletin of the Association of American 
Colleges. It is clear that the colleges and universities are considering the 
teaching problem from every angle. Fifteen colleges reported that they 
have specific committees established for the improvement of college in- 
struction. Twenty-one reported that they are planning the establish- 
ment of such committees. In other colleges similar work is being accom- 
plished through deans of colleges or heads of departments. 

Besides the Association of American Colleges there are many other 
national, regional, and local organizations which have been making a special 
study of college teaching during the past two years. Also some universi- 
ties are making it a special issue. I understand that the University of 
Minnesota has been making a very special study of college teaching, and 
that Stanford, Harvard, New York, and Columbia have definitely organized 
plans for the preparation of college teachers. The University of Chicago 
is about to embark upon some definite program for the special prepara- 
tion of college teachers, if we are to judge from the following statement 
by President Hutchins (1): 


The graduate schools of arts, literature, and science are, of course, in large part 
professional schools. They are producing teachers. A minority of their students 
become research workers. Yet the training for the doctorate in this country is almost 
uniformly training in the acquisition of a research technic, terminating in the prepara- 
tion of a so-called original contribution to knowledge. Whether the rigors of this process 
exhaust the student’s creative powers, or whether the teaching schedules in most col- 
leges give those powers no scope, or whether most teachers are without them is uncertain. 
What is certain is that most doctors of philosophy become teachers and not productive 
scholars. Their productivity ends with the dissertation. Under these circumstances 
the University of Chicago again has a dual obligation; to devise the best methods of 
preparing men for research and creative scholarship and to devise the best methods of 
preparing men for teaching. 

Since the present work of graduate students is arranged in the hope that they will 
become investigators, little modification in it is necessary to train those who plan to 
become investigators. In the course of time it will doubtless become less rigid and more 
comprehensive, involving more independence, and fewer courses. But the main 
problem is a curriculum for the future teacher. No lowering of requirements should be 
permitted. No one should be allowed to be a candidate for the Ph.D. degree who would 
not now be enrolled. In fact the selection of students in the graduate schools on some 
better basis than graduation from college seems to me one of the next matters the 
University must discuss. But assuming that this is settled, and assuming that a student 
who plans to be a teacher has been given a sufficient chance at research to determine his 
interest in it, his training should fit him as well as may be for his profession. This 
means, of course, that he must know his field and its relation to the whole body of 
knowledge. It means, too, that he must be in touch with the most recent and most 
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successful movements in undergraduate education, of which he now officially learns 
little or nothing. 

How should he learn about these movements? Not in my opinion by doing prac- 
tice teaching upon the helpless undergraduate. Rather he should learn about them 
through seeing experiments carried on in undergraduate work by the members of the 
department in which he is studying, with the advice of the Department of Education 
which will shortly secure funds to study collegiate education. Upon the problems of 
undergraduate teaching his creative work should be done. Such a system places a new 
responsibility upon the departments, that of developing ideas in college education. 
But it is a responsibility which I am sure they will accept in view of the history and posi- 
tion of the University of Chicago. Such a system means, too, that different degrees will 
doubtless have to be given to research workers, the Ph.D. degree remaining what it 
chiefly is today, a degree for college teachers. But however opinions may differ on de- 
tails, I am convinced, as are the Deans of the Graduate Schools, the Deans of the 
Colleges, and the Chairman of the Department of Education, that some program recog- 
nizing the dual objectives of graduate study—the education of research men—must be 
tried at the University of Chicago. 


We are not inclined, at Hopkins, to agree with President Hutchins 
that differentiation in training should be made between prospective teach- 
ers and prospective research men. Too often any attempt at such dif- 
ferentiation demands powers of prophecy beyond those which we or the 
student himself are qualified to exercise. Furthermore, we believe it 


desirable that the teacher should be as thoroughly trained in the funda- 
mentals of his subject and in methods of creative work as the non-teacher. 
However, the broad general outlines of the situation which confronts us 
are well set forth in the foregoing quotation. 

With these conditions before us it seems very fitting that we should 
assemble here today as chemistry teachers and take stock, as it were. 
What are our college and university chemistry departments doing to meet 
this situation? Do we as chemistry teachers need to heed this move- 
ment, or are our departments so well manned by good teachers that the 
presidents of our respective institutions will pass us by. Personally, I 
believe that our college and university chemistry teaching can be im- 
proved. And if this is the case no stone should be left unturned to bring 
about this improvement, for every thinking chemist realizes that the 
destiny of our American chemistry is in the hands of our college and uni- 
versity chemistry teachers. How is this? The type of students attracted 
into our chemistry departments and the superiority of their education 
depends on the type of men doing the teaching and the type of men at- 
tracted to our profession and their training determines the future of Ameri- 
can chemistry. 

During the past few years millions have been appropriated for research 
and large research institutions have been built and equipped. Every 
one should realize, however, that these appropriated millions may be 
squandered without productive results unless we can furnish a perpetuity 





Vo. 8, No.1 QUALIFICATIONS OF CHEMISTRY TEACHERS 91 


of properly qualified men and women to direct the activities of these insti- 
tutions and lay out plans for the expenditure of the appropriated money. 
Good teachers at the college and university level constitute our only as- 
surance that such a supply of properly qualified workers will be available. 

It was the realization of this fact that caused Francis P. Garvan to es- 
tablish the Chair of Chemical Education in the chemistry department 
of The Johns Hopkins University, and to encourage us to do everything 
possible to produce some outstanding men in chemistry, hoping that 
some of them at least would enter the teaching profession. A brief out- 
line of our plan at The Johns Hopkins University will give you the best 
concept of the qualifications which we believe college and university 
chemistry teachers should possess. 

Our program has resulted in a so-called National Fellowship Plan, 
supported through the codperation and generosity of various chemical 
industrial firms and of a few enlightened and public-spirited individuals.* 
In the study we have undertaken, equal emphasis is laid upon the selec- 
tion of men to be trained and the training of men selected. In order to 
limit the project and, at the same time, place it upon a truly national 
basis, the plan adopted makes ultimate provision for one student from 
each of the forty-eight states. In order that men of unusual promise 
but limited means shall not be debarred by lack of funds, a four-year 
fellowship of one thousand dollars annually is offered in each state. Se- 
lection is made from the sophomore, junior, or senior classes of the colleges 
and universities of the respective states. The time of selection is indi- 
cated by the desirability of obtaining students as soon as possible after they 
have had reasonable opportunity to determine the field in which they desire 
to specialize. It is, furthermore, in harmony with the present general plan 
of The Johns Hopkins University, which affords students an opportunity to 
begin their studies leading to the doctor’s degree after the completion of the 
sophomore year in college provided they have had the requisite preparation. 

The selection is accomplished through state committees which evaluate 
the student’s complete previous scholastic record and personal qualities as 
rated by his instructors on the chart on page 92. 

To illustrate the table let us select the heading “Creative Ability.”’ 
The five columns mean that there are at least five types of students. First, 
there is the type of man who can really discern a problem and solve it. 

* AMERICAN CaN Co. (3), J. T. BAKER CHEMICAL Co., BILL RaASKOB FOUNDATION, 
Brown Co. (2), CARBIDE AND CARBON CHEMICALS CorP., CENTRAL SCIENTIFIC Co., 
THE CHEMICAL FOUNDATION, INc. (2), Coca Cora Co., H. A. B. DuNNING, du Pont 
Co., FIRESTONE TIRE AND RUBBER Co., FLEISCHMANN YEAST Co., FRANCIS P. GARVAN 
(3), GENERAL Motors Corp. RESEARCH LABORATORIES, JOHN M. HANcock, HORMEL 
FouNDATION, KEWAUNEE MANUFACTURING Co., Ext Litty Co., W. A. Patrick, G. A. 
PFEIFFER, WILLIAM SHALLCROSS SPEED, U. S. INDUSTRIAL ALCOHOL Co., WILLIAM R, 
WARNER & Co., JOHN WILEY & Sons, INc. 
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There is another type of man who, if you give him the problem, will work 
it out fairly well, although he would never have seen it for himself. There 
is thirdly the man who, given a problem and a little help, will work it 
through. Fourthly, there is the type of man who has to be helped con- 
siderably in order to solve the problem, and lastly the man who has to 
have the problem worked for him. (Of course, we are trying to select 
only those men who fall in the first class.) Similar distinctions may be 
seen under each of the other characteristics on the chart. 

One of these rating sheets is filled out by each student’s chemistry, 
physics, mathematics, and English instructors, respectively. These four 
teachers are likely to come the nearest to the student during his first two 
years of work. When the charts are returned by the professors of the 
various applicants, they are sent, with the college records of the students, 
to the state committees. The committee in each state narrows down the 
list to three or four of the best men and makes the final selection by inter- 
viewing and examining them personally. 

Thus far fellowships have been established in twenty-nine states of the 
Union and one in England. We had counted on operating the plan on a 
national basis only, but it looks very much as if it were going to be inter- 
national. Since we were late in getting started the first year we have as 
yet had only nine men under the new plan but we have twelve more for 
this year and we expect to select twelve men each succeeding year, 7. ¢., 
when the plan is in full operation there will be approximately twelve of 
these men entering the university each year and approximately twelve 
receiving their Ph.D. degrees and leaving. I am glad to say that thus 
far there have been no disappointments in the selections. Every student 
is very promising at the present time. 

After these men have been selected by the state committees, it is neces- 
sary that we doeverything possible for them. The selection is important, 
but the training is also important, and we do not wish to shirk our responsi- 
bility in any way. In the training of these selected men, fundamental 
courses in mathematics, physics, and English, as well as in the four major 
branches of chemistry (inorganic, organic, physical, and analytical), are 
emphasized. There is no attempt to specialize in the various applications 
of chemistry. The elective system of study for the student is under an 
advisory committee of the department. 

These selected men are required to select and solve problems without 
any direction from the staff. This is in addition to the usual Ph.D. dis- 
sertation, where such dissertation is usually worked out in conjunction 
with some professor. This provision tests whether or not these selected 
students are properly rated in column one of the table on page 92. 

We can’t force people to teach, nor are we attempting to do so, but we 
are going to see that these men are prepared to teach, should they wish 


’ 
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to do so. How are we doing this? We are giving the selected students 
exactly the same amount of chemistry for a Ph.D. as has always been 
given at The Johns Hopkins University, and, in fact, more, as already 
noted, in the way of original research work. In addition, they are 
given four courses, two of which we are now anticipating will be given 
outside of the chemistry department as broad fundamental courses; one 
in psychology or educational psychology and the second in philosophy 
or history of education. Then the chemistry department gives these 
students two broad courses in chemical education, one applying these 
fundamental educational principles to the teaching of chemistry where 
such application covers theory, observation, and practice, and a second 
course which takes up the development of the great theories of chemis- 
try, together with a study of the great personalities of our science, especially 
emphasizing those personalities whose characteristics have made them 
stand out in the world as great teachers or great investigators. It also 
enables the students to survey the chemical field, to see how its laws have 
been built up and to learn something of the men who have been instru- 
mental in building them up. 

Since we are not sure whether these students will teach or go into the 
industry, we require them to spend at least two summers in the industries, 
with the idea of letting them find out for themselves whether or not they 
like industrial work, and also with the idea in mind that the industrial 
experience will be of great value to those who take up teaching. 

The following extract from a letter received from a student near the 
close of his first summer’s work shows the wisdom of the summer work 
policy: 


My summer job is now nearly over and I am writing you as I believe you will be 
glad to hear of some of my experiences. 

First of ali I will say that I have never had a summer go so,quickly. I suppose that 
is because I have had very interesting work to occupy all of my time. I always had 
quite a heavy program too on my week-ends at home. 

I have had the most splendid companions to work with in the laboratory and since 
the lab. is relatively small I have gotten to know them all very well. I really believe 
that I have learned a great deal of chemistry, mostly of course about catalytical prob- 
lems. What is even more important I have learned a great deal of laboratory tech- 
nic that I believe I could acquire in no other way. We have made some real dis- 
coveries during the summer’s work, and I regard it as quite a privilege to have had my 
small part in them. It really gives one quite a thrill to unearth brand-new, unrecorded 
phenomena. 

The experience has been valuable in helping me to decide that I really want to do 
university teaching and research work after I get my degrees... . 


In addition to this fundamental curriculum, we have introduced many 
features which we think worthwhile. For example, Dr. Alfred R. L. 
Dohme has made it possible, through a visiting lectureship, for us to give 
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the students an opportunity to come in contact each year with about ten 
of the leading scientists from this country and abroad. A prominent 
scientist is invited to visit the chemistry department each month of the 
academic year. He arrives in the morning, visits the research labora- 
tories and consults with the students upon their research problems. The 
students ask him questions and he asks them questions. At four o’clock 
he lectures to the students on the subject for which he is noted. In the 
evening the visiting scientist takes dinner with the students, when they 
meet him socially around the table. Thus, they make contact with this 
man at three different points. They have his opinion on their research 
problems, they have heard his lecture, and they have met him socially. 
Hence, when they receive their Ph.D. degree, which requires approxi- 
mately four years they go away knowing approximately forty outstanding 
scientists outside of their own department. This is already proving itself 
very interesting and valuable. 

We are following such lines and introducing such ideas as we believe 
are most likely to develop the abilities of the selected students and make 
of them the best men possible. We don’t claim they are going to be 
geniuses; we claim only one thing—that we are going to do our utmost 
to select the best men possible, and then we are going to bend every effort 
toward producing the best scientists we can from those whom we have 
selected. 

We trust that this careful selection and extensive training will so pre- 
pare men that should they choose teaching as a profession they will be 
qualified to teach in any college or university. 


Literature Cited 


(1) Hurcuins, ‘The Spirit of the University of Chicago,” J. Higher Educ., 1, 
9-10 (Jan., 1930). 


THE TRAINING OF TEACHERS IN SERVICE* 


B. S. Hopkins, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


The training of teachers of chemistry in college or university should implant 
a broad understanding of the subject matter as well as an adequate training in 
modern methods of presentation. The most important part of the training 
of the successful teacher is obtained as a result of his own efforts in service. 
He must study his pupils, his local interests, and keep in touch with advancing 
thought. He must read wisely, sift his material carefully, and take advantage 


* Contribution to the symposium on ‘‘The Qualifications of Chemistry Teachers”’ 
held by the Division of Chemical Education at the 80th meeting of the American 
Chemical Society, at Cincinnati, Ohio, Sept. 10, 1930. 
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of every opportunity for self-development. The university system of employing 
graduate student-teachers offers an opportunity for the thorough and systematic 
training of teachers in service. Teachers so trained should know what to 


teach and how to teach it. 


We are chemists, proud of our science, its rapid development, its versa- 
tility in time of war, its usefulness as an agent of peaceful industry, its im- 
portance as a leading factor in our exacting modern civilization and its 
possibilities for future growth and development. The history of the world 
has witnessed few more rapid periods of growth or more important de- 
velopments from an educational point of view than the strides which have 
been taken by science since that epochal event on August 1, 1774, when 
Joseph Priestley first prepared oxygen and unknowingly laid the foundation 
for the science of modern chemistry. At no period during its one hundred 
fifty-six years of growth and service has the development been more rapid 
or produced more startling innovations than has the decade which followed 
the close of the World War. We as Amercian chemists may perhaps be 
pardoned for our pride in the accomplishments and growth of the American 
Chemical Society, its record of usefulness and its imposing list of active 
and progressive members. All students of human affairs agree that chem- 
istry has arrived and that it promises undreamed-of comforts, conveniences, 
and safety devices for future generations. 

In the midst of our pride for the accomplishments of our predecessors 
and our fellow chemists, let us not forget that the admiration and whole- 
some respect which chemistry has earned bring to the shoulders of the 
passing generation a responsibility which we are unable to dodge. It is 
our most solemn duty to develop the next generation of chemists so that 
they may take up our unfinished tasks with a clear mind, an observant eye 
and keen judgment, in order that chemistry may continue to serve in an 
increasingly complex system of living. It is not enough for chemistry to 
maintain its present position of respect as a factor in education; it must 
continue to grow as it has done in previous generations. 

The task of training the chemists of the future rests primarily with the 
teachers of chemistry of the present generation. From the papers and dis- 
cussions which have already been heard in this symposium it is evident that 
the qualifications of a successful teacher are high and that the gravest 
responsibility rests upon him who undertakes to train the teachers who in 
turn are destined to train the coming generation of chemists. To be a 
teacher of teachers is the task supreme. Who is willing to assume such a 
responsibility? How may its duties be efficiently discharged? 

The training of teachers of chemistry is easily summarized under two 
headings: (1) that obtained in college or university under the direction of 
a person of experience; (2) that which the teacher gains for himself under 
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his own initiative in the hard school of experience. Both of these phases of 
teacher training are vitally important for the science of chemistry. The 
training in college should be centered around two points: (1) implanting 
a knowledge of the subject matter of chemistry which should always ex- 
tend beyond the boundaries of the field in which the teacher is expected to 
instruct; and (2) developing the ability to teach so that each topic may be 
presented in a clear and logical manner. In our present educational system 
colleges and universities almost invariably present the subject matter in 
a thoroughly competent and efficient manner, while schools of education 
do an excellent service in training teachers in the most acceptable modern 
methods of teaching. How fortunate we would be if these two viewpoints 
could be combined because both are essential for the development of suc- 
cessful teachers. Relatively few colleges are giving adequate training in 
the best methods of teaching chemistry and this training is very sorely 
needed. Normal schools are too prone to overlook the necessity for a 
thorough training in the fundamentals of chemistry as a prime prerequisite 
for the teaching of the subject. All should recognize the fact that the 
teacher of chemistry is continuously confronted with two extremely vital 
questions: ‘‘What shall I teach? How shall I teach it?” 

It is indeed a fortunate individual whose training has included an ade- 
quate study of the subject matter of chemistry as well as a skilful drill in 
the methods of presentation. Such a combination is certainly a good begin- 
ning, but it by no means marks the end of the period of training. By far the 
most important portion of the teacher’s training comes from his own ex- 
perience in the classroom and the laboratory. If we are to become success- 
ful teachers in the largest sense we must study our problems, improve our 
methods and show consistent growth from year to year. If we do not 
progress we will be left behind in the rapid development which character- 
izes our scientifically minded age. We must advance or we will lose 
ground and become hopelessly out-distanced. There can be no stationary 
engines in chemistry; either we must move with the traffic or be left be- 
hind by the procession. 

One of the first maxims in efficient teaching in any field is that an inter? 
ested student is almost invariably an industrious student. Lack of inter- 
est causes indifference, slothfulness, and trouble. Nowhere does this state- 
ment apply with greater force than in the teaching of chemistry. One of 
our first duties is to study the needs and interests of the community in 
which we live as well as the home environment of our students and their 
probable future lines of activity. The city dweller is interested in the 
applications of chemistry to the manufacturing processes with which he 
is familiar, in the usefulness of chemistry in refrigeration and the preserva- 
tion of foods, in the fighting of fires, in the production of power in his auto- 
mobile, and in the numberless phenomena which enter his daily life. The 
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student from an agricultural region is interested in problems concerning the 
maintenance of soil fertility, the most efficient feeding program for the 
dairy herd, the care and handling of dairy products, the control of insect 
pests and many other problems in which chemistry is a direct aid in modern 
agriculture. The student of home economics is interested in the problems 
of the household and the numerous applications of chemistry to foods, 
fabrics, sanitation, and community improvement. The pre-medical stu- 
dent is vitally interested in the materials used as medicines, drugs, anti- 
septics, in the struggle for the prevention of disease and in the problem of 
adequate water supply and efficient sewage disposal. It is not necessary 
to go into these topics exhaustively for time does not permit, but if interest 
is kindled, a well-directed course in outside reading may supplement the 
regular class exercises and this will do much to stimulate the habit of seri- 
ous reading—a habit which is one of the greatest assets of education. To 
present these applications without consuming too much time requires both 
skill and forethought, but the increased interest and intensified motive on 
the part of the pupil fully justifies the effort. But this is not the greatest 
benefit which follows the plan of adapting our teaching to the viewpoint 
of our students. In preparing to present these applications as an integral 
part of the course in chemistry the teacher is broadening his own horizon 
and increasing his own interest in the affairs of his day and generation. 
This is the best preventive for keeping out of the rut which leads to educa- 
tional oblivion. 

But we must remember that successful teaching involves subject matter 
as well as method. Consequently the chemistry teacher who is ambitious 
to increase his own usefulness must adopt some plan for keeping in touch 
with the advancements which come in such bewildering abundance. The 
habit of systematic and orderly reading of scientific journals is one of the 
most vital points in each teacher’s plan of training himself for his profession. 
The question of what to read is frequently a puzzling one, because chemical 
literature has become so voluminous that it is quite overwhelming. In 
general, the reading should be done along lines of personal and community 
interest, and the journals which are read regularly should be selected along 
these lines. We as chemistry teachers are especially fortunate in having 
a journal which is especially designed for our particular needs. Its able 
editor selects his material in such a way that each number answers both the 
what and the how of chemistry teaching. It covers the important ad- 
vances, gives concise and readable articles on topics of current chemical 
interest, and gives in abstract a concise summary of the leading articles in 
other journals which are of interest to the teacher of science. I know of 
no one journal which can compare with the JOURNAL OF CHEMICAL EDvu- 
CATION in all around usefulness for the teacher of chemistry. For greater 
detail the other publications of the American Chemical Society are unex- 
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celled in the fields which they cover, while there are many other able maga- 
zines which may be made available at small cost. 

Progressive teachers also receive inspiration and help from intimate as- 
sociation with others who are doing the same sort of work. Membership 
in the American Chemical Society brings one into step with an army of 
17,000 chemists, many of whom are teachers. In addition to receiving the 
publications of the society each member receives the inspiration which 
comes from united effort in a common cause and the friendship of those who 
face similar problems. The Division of Chemical Education is organized 
for the specific purpose of aiding teachers of chemistry in every possible 
manner. Under its patronage in the various states there are organized 
associations of chemistry teachers which bring the stimulating effect of 
such organizations within the reach of all. Much good results from mem- 
bership in such a group, attendance upon its meetings, and participation in 
its programs. By entering into such activities each teacher not only crys- 
tallizes his own thinking and profits by the experience of others, but he is 
at the same time aiding others in a mutual effort at self-improvement. The 
united effect of active groups of progressive teachers will accomplish much 
in improving the status of the chemistry teacher and the educational value 
of chemical instruction. 

It is very evident from the trend of thought up to this point that the 
author has had in mind particularly those teachers of chemistry who work 
alone or in small groups which are more or less isolated from the larger 
centers of chemical thought. Let us now turn our attention for a few 
minutes to another phase of the problem of the training of teachers in 
service. 

The larger universities almost invariably depend upon graduate student- 
teachers for most of the routine instruction in large elementary courses like 
chemistry. The charge is frequently made that this system has grown 
up because it permits an institution to furnish teachers for large numbers 
of its undergraduates at a very lowcost. The inference is drawn that little 
attention is paid to the quality of the instruction but that the teach- 
ing assistants are encouraged to rush through their pedagogical duties ih 
the easiest and quickest manner possible in order that they may turn their 
undivided attention to their own research work which they regard as the 
only worthwhile undertaking on their programs. It must be admitted 
that the system of employing graduate students as teachers of elementary 
courses can give rise to serious abuses and that such abuses may produce 
vicious results in our educational system. When rightly administered, 
however, the system has real merit and deserves to be recognized as an 
important factor in the training of our youth. It is not the present purpose 
to discuss the merits and demerits of this system as a whole for that has 
already been done in a most thorough manner by a committee of eminent 
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educators appointed by the American Association of University Profes- 
sors. The report of this committee is given in the Bulletin of the Associa- 
tion for February-March, 1926. This report is based on 364 replies to a 
questionnaire which had been mailed to a carefully selected group repre- 
senting a wide range of departmental interest, geographical distribution, and 
educational viewpoint. The committee recognizes that the system may be 
permitted to develop such undesirable features as the employment of the 
plan in institutions which do not have a well-developed graduate school; 
inter-university competition which results in offering various inducements, 
such as increased stipend, shortening of the time requirement or general 
looseness of scholastic standards; consideration of the stipend as a sub- 
sidy for graduate work or the building up of a graduate department, which 
induces incompetent, or poorly prepared college graduates to undertake 
work for which they are wholly unfitted; overloading schedules in an effort 
to acquire an advanced degree in a minimum of time, thereby encouraging 
superficial work in both teaching and graduate courses. But the com- 
mittee fails to find evidence that these faults exist to any appreciable extent 
and reports no evidence of their presence in departments in which there 
exists well-developed graduate work. 

On the other hand, the report of this committee calls attention to a num- 
ber of points in which the graduate student-teacher system is distinctly 
superior to the plan of employing mature teachers only. (1) Most of the 
graduate students are largely dependent upon their own financial resources 
and of necessity must have some income in order to continue in graduate 
work. By engaging in part-time teaching many a capable individual is 
able to give himself a more thorough training for his life work than would 
otherwise be possible. (2) ‘It is practically impossible to secure experi- 
enced teachers to carry year after year the type of teaching conducted by 
graduate student-teachers. And the opinion seems to be widespread that 
the experienced teacher carrying such work soon loses more in enthusiasm 
than is compensated for by his experience. . . .The standards of teaching 
have not been lowered by the employment of graduate student-teachers. 
What they lack in experience is compensated for by the enthusiasm which 
they bring to their work.’ (3) The scholarship of a graduate student is 
materially improved by teaching in elementary courses because it affords a 
very thorough review of the fundamental facts of the science. (4) It per- 
mits a graduate school to test the teaching ability of its graduates. The 
experience gained and the opportunity to test each individual’s adapta- 
bility to teach are of prime importance and become an undeniable duty be- 
fore a candidate can be recommended for a teaching position. Teaching 
brings to the surface many traits of character which otherwise would never 
be brought to light and no person should be allowed to teach who does not 
possess the proper ‘‘personality’” for teaching. There is no surer way of 
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“knowing the man” than is gained through observation of his success as 
ateacher. (5) If a graduate student-teacher is given a reasonable schedule 
and adequate direction and encouragement he is serving an apprenticeship 
under the guidance of experienced teachers who will be able to help him 
overcome some of the difficulties and avoid some of the pitfalls which are 
the common experience of the beginning teacher. 

It is this last phase of the graduate student-teacher system which espe- 
cially concerns us at the present time since it affords an excellent opportunity 
for the training of teachers in service. Our educators have found that 
there is a distinct advantage in building into our system of instruction the 
plan of “learning by doing.”” Every teacher must begin somewhere and 
it seems to be inevitable that a beginner must make mistakes which ex- 
perience teaches him to avoid. If the individual can learn his trade under 
the kindly advice and friendly supervision of a successful teacher, and work- 
ing in conjunction with teachers of experience, he will become a capable 
teacher much more quickly and many times he will become a better teacher 
than would be possible if he made his debut under circumstances where he 
is left entirely to his own resources. 

The objection may be raised that many of our graduate students are 
not planning to enter the teaching profession but are definitely looking 
forward to positions in the industries. Of what possible use to such a per- 
son is teaching experience? My answer is this: our graduate schools are 
doing their best to prepare young people for leadership wherever they may 
beemployed. So it is safe to say that sooner or later each successful gradu- 
ate will be called upon to tell others how certain work should be done or to 
instruct their fellow workers in the details of some intricate process. This 
is teaching in its fullest sense and the methods of the teacher are essential 
for the successful discharge of duties of this kind. It is a most fortunate 
requirement, which is occasionally met, that all candidates for the doctor’s 
degree must include some teaching experience in their training. For no 
matter how commercial their job may appear to be it will some time de- 
velop circumstances under which the ability to teach is indispensable. 

The training of teachers in service may be accomplished in many ways, 
but in all of these the success of the plan depends almost wholly upon the 
initiative of the individual. Colleges may give training which is invaluable 
to the beginning teacher, but they cannot insure growth in after years. 
The teacher who is satisfied with his preparation and position may neglect 
all means of self-improvement if he will. He will soon become antiquated 
and he will either seek other employment because teaching has no future 
or he will become resigned to his fate and grumble constantly because the 
other fellows get all the ‘‘breaks.’’ The ambitious teacher, the individual 
with a vision, who sees beyond the monthly pay envelope and beholds some- 
thing of the possibilities of service to his day and generation, will eagerly 
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utilize the means of improvement which present themselves and seek to 
make each day and each year better than his predecessors. Such a teacher 
will unconsciously become one of the beacon lights of civilization marking 
the pathway of human progress toward the highest ideals of which the 
human race is capable. 


REPORT OF THE COMMITTEE ON PREPARATION OF HIGH- 
SCHOOL CHEMISTRY TEACHERS* ** 


A. J. CurriER,| THE PENNSYLVANIA STATE COLLEGE, STATE COLLEGE, PENNA. 


Studies made by the committee during the past three years are discussed 
and the following conclusions are stated: 

1. More extensive training in chemistry and in other sciences is urgently 
needed in many cases. 

2. These needs should be met either by decreasing the requirements in 
educational courses, by increasing the number of credits required for gradua- 
tion (above the 120 minimum), or by graduate study. 

3. Orientation or special methods courses are now provided in over seventy 
colleges and universities. Many teachers in service regard these courses as 
a valuable part of their training. 

4. Accrediting agencies and state departments are, in many cases, not 
specific as to the amount of training in science required in certification of 
such teachers. 


The Committee on Preparation of High-School Chemistry Teachers has 
endeavored to make a thorough study of the problem of the training of 
teachers of chemistry (and other sciences) in the secondary schools, in view 
of the fact that the present status in this field is so unsatisfactory. Ac- 
cordingly, three formal reports have been submitted to the Senate of The 
Division of Chemical Education of The American Chemical Society (1), (2), 
(3). 

Since the publication of these reports, Dr. J. E. Mills (formerly chairman 
of the Division of Chemistry and Chemical Technology of the National 
Research Council and a member of this committee) has presented further 

* Contribution to the symposium on ‘‘The Qualifications of Chemistry Teachers”’ 
held by the Division of Chemical Education at the 80th meeting of the American 
Chemical Society, at Cincinnati, Ohio, Sept. 10, 1930. This report is submitted to 
the accrediting agencies for consideration. 

** This article constitutes the fourth formal report of the committee on Preparation 
of High-School Chemistry Teachers. See references (1), (2), (3) at end of article. 

{ Chairman of the committee. The other members of this committee who have 
helped prepare this report are: HENRIETTA HAYDEN, Louis W. MatTTERN, T. A. ROGERS, 


and J. E. MILs. 
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evidence of the deplorable standards set for the training of chemistry 
teachers in secondary schools throughout the country. He says (4): 


It was repeatedly pointed out that the high-school teachers of chemistry were often 
inadequately prepared to teach that subject. It was common knowledge that in general, 
the training of high-school teachers in chemistry did not equal the training expected of 
junior chemists in the government service, or the training expected of those entering 
a commercial laboratory. 

Much more surprising was the fact that at the present time in some states a student 
who has satisfactorily specialized in chemistry at his state university, following exactly 
the course recommended by the institution, and who has received the degree of bachelor 
of science in chemistry, is not allowed to teach chemistry in any accredited high school 
in his state. In fact, very few of the teachers of chemistry in the accredited universities 
and colleges of the country could qualify to teach chemistry in the accredited high schools 
of many states. On the other hand, teachers possessing only the most elementary 
knowledge of chemistry are allowed to teach chemistry in the high schools of many states 
provided the teacher has taken certain specified educational work. 

... The result of the present requirements is that most of the teachers of chemistry 
in the high schools have far less knowledge of chemistry than is expected of junior 
chemists in the government service or the new recruits in industrial laboratories. In 
other words, the high schools require of their teachers of chemistry less knowledge of 
the subject than is generally supposed to be necessary for its successful use in any other 
way. In fact the knowledge of chemistry required is so limited that the teacher often 
has not obtained a sufficient foundation for graduate work and usually cannot later make 
good his deficiency by post-graduate work that can at the same time be used as college 
credit for an advanced degree. 


The problem of post-graduate work for chemistry teachers has been in- 
vestigated by this committee in codperation with the Committee on Pro- 
fessional Spirit among High-School Chemistry Teachers (5). 

It was shown that of 217 teachers of chemistry only twenty-nine hold 
the master’s degree and nine the doctor’s degree. More training in organic, 
analytical, physical, and inorganic chemistry (named in the order of em- 
phasis) was urged by these same teachers in their questionnaire interviews. 
The majority of these teachers regarded certain standard educational 
subjects as essential but secondary to the fundamental training in chem- 
istry. The Committee on Professional Spirit among High-School Chem- 
istry Teachers reported that with the present requirements in educational’ 
subjects in effect, the only solution to the problem is an additional year 
leading to the master’s degree. This requirement, however, can hardly 
be expected to be met-to any large extent until the status of high-school 
teaching is materially improved. 

There appears to be a wide difference of opinion among educational ad- 
ministrators, teachers, and specialists in science as to the actual value of 
the educational subjects required by the accrediting agencies and state 
departments of education. Some knowledge of psychology as related to 
the learning process, educational sociology, and school administration are 
quite generally considered as essential equipment of the teacher regard- 
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less of his special field but the value of such courses has been overempha- 
sized, in many cases resulting in a sacrifice on the side of sound training in 
science or other academic fields of major interest (4). 

It is now quite generally conceded that some sort of an orientation or 
“methods” course is desirable as a part of the training of the chemistry 
teacher (5). The average senior in college with a major in chemistry or 
the inexperienced teacher has little or no knowledge concerning the plan- 
ning and management of a laboratory, the purchase of supplies, the plan- 
ning of demonstrations, lessons, and class schedules, the preparation and 
grading of examinations. He is also unfamiliar with recent investigations 
on what topics should constitute a high-school course and the most effective 
methods of teaching it. 

This need is met with varying success by the so-called “special methods” 
courses which have been introduced in over seventy colleges and universi- 
ties. The writer has given such a course for the past six years. That such 
a course is justifiable is attested by the many favorable comments volun- 
tarily offered by former students now teaching chemistry in secondary 
schools. Such courses, in the opinion of the committee, should in all 
cases be given by a member of a chemistry staff who has had some experi- 
ence in teaching in secondary schools, who has a broad and unbiased view 
of the whole educational problem and who is, of course, well trained in 
chemistry. Such requirements are not met in many cases due to aca- 
demic prejudice, specialized interests, etc. 

Practice teaching by the future teacher under actual school conditions 
and careful supervision is not easy to provide but it is now provided by a 
number of the larger institutions as well as the teachers’ colleges. 

The question of more extensive training in chemistry brings up another 
pressing problem; the fact that the vast majority of the secondary schools 
need teachers who are well prepared to teach physics, biology, general 
science, and perhaps mathematics in addition to chemistry. Frank points 
out that only about seven per cent of the chemistry teachers in the country 
teach chemistry alone (6). It appears that a large number of teachers who 
are responsible for two or more sciences besides chemistry have but little 
training in more than one science (7). 

To the university professor, this requirement may seem unreasonable 
and difficult to meet. It is a natural and practical situation, however, 
which must be met. In brief, while the universities tend to train special- 
ists (in chemistry) the schools need ‘‘generalists,’”’ 7. e., teachers who also 
have additional training in sciences other than chemistry. In Germany 
more emphasis is placed on thorough training in related sciences than in 
America (3). The smaller colleges in this country tend to meet this re- 
quirement perhaps better than the universities where the professional at- 
titude in chemistry is more in evidence. The reorganization of curricula 
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for future chemistry teachers, so as to provide more requirements in other 
sciences, is one of the most pressing problems. 

In the study of ‘Curriculum Requirements in Various States’ (2), the 
committee found that only fourteen of the forty-four states that responded 
to the questionnaire (1929) stipulate definite subject matter in addition to 
educational subjects in their requirements for certification of teachers, 
e. g., eighteen hours in chemistry and ten hours in other sciences. ‘‘The 
remainder of the states (thirty) or nearly seventy per cent grant a blanket cer- 
tificate which entitles the holder to teach any subject in the high-schools of 
the state. This situation, in the opinion of the Committee, 1s an extremely 
unsatisfactory one and calls for modtfication.” 


How May the Training of Chemistry Teachers Be Improved? 


The facts of the situation now appear to be wellin hand. The committee 
has worked diligently for three years to this end. The status of teacher 
training both in this country and abroad has been clearly shown in the 
committee’s reports. The views of teachers in service and of other in- 
terested persons have been expressed in the questionnaires summarized in 
the reports and in this symposium. Mills makes specific recommendations 
as follows (4). 

It is suggested for the consideration of those concerned that a high-school teacher’s 


certificate should be based on the following requirement: 
Graduation from an accredited college or university with not less than 40 semester 


hours training in the subject or subjects taught. 
Professional training in educational work not to exceed 12 hours may be accepted 


as partial fulfilment for the required semester hours. 


Gordon has summarized the whole problem in a recent editorial (8), 
a portion of which follows: 


Many states legally fix the required number of hours to be spent in the study of 
education so high that little time is left out of the usual one hundred twenty hours mini- 
mum necessary for graduation to be applied to the subject or subjects which the student 
expects later toteach. Obviously it is beside the point to learn ‘“‘how to teach’’ when one 
has learned nothing to teach. What is the remedy? It is folly to attempt to tinker 
with the state laws, but the accrediting agencies, fortunately, have the final say. Let 
them demand that teachers be adequately prepared in the subjects which they undertake 
to teach. 

This seems difficult if we are to regard the one hundred twenty hour minimum as a 
fixed limit. But why should we? Any but a poor, or at least a mediocre, student can 
carry eighteen semester hours without difficulty and make good grades. No student 
who has to weasel through college on the absolute minimum of credits should aspire to 
instruct others, nor should he be encouraged in such ridiculous aspirations. Let the 
accrediting agencies demand more than an absolute minimum of scholastic achievement 
in high-school teachers and the schools will have to come to terms. 


The committee respectfully submits the results of its work, with the 
endorsement of the Division of Chemical Education of the American 
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Chemical Society, to the state departments of education and to the ac- 
crediting agencies for their serious consideration, with the hope that what 
has been presented may be of some value in improving the status of science 
instruction in our schools. 
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Propane as Liquid Gas Enters Isolated Kitchens. Liquefied propane, a new in- 
dustrial gas preparation, is now available to country fuel-gas consumers who have no 
access to domestic gas lines. It is delivered under moderately high pressure, up to 
ninety pounds, in portable steel tanks, ready to connect to the kitchen stove. 

Propane is not new to the laboratory. This is, however, probably the first time 
that a single chemical substance has been extracted from petroleum in liquid form for 
sale to the everyday retail fuel consumer. All other allied fuels, such as gasoline, 
benzine, kerosene, and the like are uncertain mixtures of a host of substances. 

For some years there has been a small trade in a very volatile mixed fuel extracted 
from ‘‘wet’”’ natural gas. Such a product contains not only propane, which boils in its 
pure state at 49 degrees below zero Fahrenheit, but other substances of quite different 
boiling point, such as butane, boiling at 33 degrees Fahrenheit, and pentane, 98 degrees 
Fahrenheit. 

When a polyglot fuel of this sort is allowed to escape from its domestic pressure 
tank into the kitchen stove, the propane part unfortunately comes out more rapidly 
than the other substances. Later, as the material is used up, the supply becomes 
mostly butane and pentane. These gases give too rich a mixture in the stove burner. 
The flame tends to become sooty. 

Under the new system, the single substance, largely freed from impurities, is stored 
in the tank. The gaseous product comes uniformly throughout the full life of the tank 
charge. 

The manufacture of the gas is suggestive of the industrial preparation of pure 
alcohol from a fermented solution, such as mash or molasses, by fractional distillation. In 
the case of propane the boiling points of the materials are so low that the whole operation 
has to be conducted under high pressure. It is then possible to condense the desired 
gas without recourse to expensive refrigeration.— Science Service 





AN, INTRODUCTION TO THE PRACTICE OF ORGANIC 
CHEMISTRY* 


GARFIELD POWELL, COLUMBIA UNIVERSITY, NEw YorkK City 


The proper scope and content of an introductory course in organic chem- 
istry for universities, the course being offered to students of other subjects 
for professional use (doctors, engineers, etc.), as well as to students of chem- 
istry proper, are discussed. Therefrom follows an indication of the changes 
already effected, or to be effected, in the methods and scope of the teaching of 
the course in Columbia University, New York City. Directions for the prepa- 
vation of caffeine from tea are included. 


In a scheme of education for general cultural purposes there is probably 
no place for a course in Practical Organic Chemistry. It is an item in the 
curriculum that has little merit as an intellectual discipline, has a handi- 
craft value too slight to mention in the life of the average citizen, and 
could probably be easily replaced by other more exact experimentation 
courses for illustration of scientific method and deduction, if that virtue 
were under consideration. It falls into place in the curriculum as a neces- 
sary item in the professional training of certain groups of students and is 
justified in the curriculum presumably on the ground of necessity alone. 
In the usual introductory class, however, the degree of importance of the 
work varies greatly among the students and it is a common observation 
that the students other than those intending to make a profession of chem- 
istry itself lack interest in the usual procedures of the course, are often 
careless of details that are of real importance to a mastery of the technic, 
and attain a level of efficiency which is often far below their average. 
Even for the students of chemistry proper there exists a body of opinion as 
to the unsuitability of the usual procedures. The usual procedure may 
be summarized in the statement that the student completes a set of ex- 
periments which illustrate the more common general reactions of the 
various classes of compounds, therein meeting examples of the commoner 
methods of operation employed by the organic chemist. The usual text, 
from which the students work by exact repetition, may or may not be 
amplified with reference to the literature of the specific preparation, or 
questions designed to test the student’s analysis of the logic of the prepa- 
rations, or his knowledge of the properties of related compounds. In an 
examination of the question of the best method of dealing with the various 
groups of students found in the usual introductory class, we must admit 
these known uninterested attitudes of many of the students (often a ma- 
jority of the class), and even admit the fact of criticism from many teachers 
of the usual procedures dealing with chemists alone. Thus the following 
occurs in the preface of one of the older organic manuals of excellent repute: 


* Contribution No. 643 from the Dept. of Chemistry, Columbia University, N.Y. C. 
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The old and drastic method by which chemistry was made to fit into a syllabus 

consisted in cutting out the core of the subject, or in other words, in removing all the 
processes which demanded time, skill, and some intelligence and in reducing the ex- 
amination to a set of exercises in a kind of legerdemain. . .It is to be hoped that the kind 
of examination. . .will in time be superseded or accompanied by a scheme encouraging 
candidates to show, in addition to their notebooks, evidence of skill or originality, as, for 
example, in submitting specimens of new or rare preparations, or in presenting an ac- 
count of some small investigation. 
One can well believe that the usual procedures represent an attainable 
best in the institution where resources are small, but it seems more than 
probable that they are not the ideal, are perhaps capable of improve- 
ment in any circumstances. 

This paper starts with the statement that the course is justified on the 
ground of necessity: it must be added that this necessity must be the 
spring of the student’s interest, and it is postulated that the differences 
in achievement between the student of chemistry proper and his co- 
worker who is not a professional chemist arise from a realization on the 
student’s part of the valuelessness of much of what he does in the labora- 
tory. Whether or not the procedure is proper for the chemist, it is less 
suitable for the doctor, engineer, or what not. If possible, then, this 
fact must be faced and action taken on its merits. Wherever possible, 
the interest of the student must be enlisted, an enlistment that is volun- 
tary on the grounds of self-interest, his work being preparatory to his 
profession. Thus the organic practice that the doctor must learn is one 
he might need. If he needs none at all, then the course must be dropped 
from his syllabus as a waste of time: there is no other justification for it. 
Furthermore, it is by no means proved that the customary set of prepara- 
tions is the proper procedure even for the student of chemistry: here again 
we may be losing the support that can be obtained by enlisting the student’s 
interest. The tests of efficiency may be wrong, the requirements unsound. 
The question set to us in this university is roughly this: given a mixed 
set of students, many of whom will not proceed beyond one year, all of 
them needing at least a little knowledge of the practice: given that the 
future need of the student is the spring of his own interest in the general 
case: given that the usual procedure is probably not ideal in any case; 
what changes are necessary or desirable in the teaching of the course in 
an institution lacking nothing in resources, allowing full freedom of action 
to the teacher? 

An attempt, still under way, has been made in this university, under 
the supervision and instigation of Professor J. M. Nelson, to answer this 
and related questions from the given ground. It is the purpose of this 
paper to discuss the matter as it relates to the first-year students only, 
the further progress of the student to be the subject perhaps of a later 
discussion. 
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In order to plan work for the students some answer must be given to 
the question of the general purpose of the different experiments. It is 
realized that a certain minimum of practice is necessary for all of them, 
including the operations of distillation, crystallization, etc., usually met 
with in the texts. This minimum must be given to all of them, either as 
direct exercise or in the course of a preparation. Tradition and good 
sense unite to state that the latter method is preferable—preferable, in- 
deed, because of the chance it gives to have the student’s interest aroused. 
The more variation of procedure the better the training, but an elaborate 
schematic variation is perhaps not possible or desirable in the course of 
one year (a point that seems to be tacitly admitted in the formulation 
of the usual text, the examples in which are chosen to illustrate, as first 
content, not general technic but examples of general reaction). 

Now the matter of general reactions is, in the opinion of the author, 
not one that properly belongs in the laboratory at all. It is postulated 
by some that the laboratory work helps in the memorization of the theory, 
but such a small result alone would not justify the enormous amount of 
time spent, even if the postulate were true. It is also often assumed that 
the examples of general reactions are typical of the work of the chemist 
in his profession. Actually, they are not examples of the method of work 
of the average doctor or engineer, in as far as he uses the subject of organic 
chemistry, and they resemble, but only poorly, the method of the research 
chemist alone. Consider any such example at hazard (a reduction of ke- 
tone, for example, given, as a rule, with sodium and alcohol). Is it to 
be assumed that the research chemist takes a new ketone, of any class, 
and repeats the given preparation with a view to its reduction? Is it 
not true that the real practice (and always the student must learn a needed 
practice) is more likely to be an examination of the methods formerly 
most successful with that class of ketones, or nearest representatives, a 
formulation of an experiment on a small scale which is either a copy or 
suitable variation, an examination of the factors which make the new 
different from the old, and the resultant use of the proper technic which 
is nearly always simple technic of distillation, crystallization, or the like?) 
Later comes an attempt at improvement of yield, nearly always a matter 
of logical variation of single factors in accord with observed results. There- 
fore it is taken that the matter of general reactions can be neglected entirely 
in the laboratory. If this is the case, and if we can arrange a fair amount 
of experience in the variations of the fundamental operations in the course 
of the student’s work, it matters nothing what experiments he performs. 
Luckily the operations of the organic chemist are not many, and it will 
be admitted that some practice in all of them can be gained by a very 
small number of well-devised preparations. Furthermore, it would be 
almost impossible to let a student work for one year in the laboratory at 
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any experiments at all without finding that, at the end of the year, he has 
repeated the fundamental operations many times over. 

We are allowed, then, after a short period of drill in the shape of a few 
preparations containing much variation of technic, to give the student a 
free hand as to what he does in the way of work and we can safely allow 
him to develop an investigation or preparation of his own, knowing that 
he has at least some knowledge of the operations and (and this is impor- 
tant) that his own interest is spurring him to the exactitudes and care that 
are so valuable in the laboratory. This interest leads inevitably to another 
exercise which is desirable, yet always omitted from the laboratory text, 
namely, the use of the literature. 

Considering once more that one year is the extent of the practice of 
many of the class, that the future usefulness of the practice is its justifica- 
tion, it seems almost obvious that a portion of the time should be em- 
ployed in finding the way to approach the literature in an investigation. 
It is the first knowledge they will need if they have to enter the field in 
later years, and the knowledge is at this time easy to get under supervision 
and encouragement, perhaps difficult when later needed. Perhaps they 
may even have enough experience of it to know some of the pitfalls there 
for the unwary, covering thereby in the most favorable circumstances 
a stretch of ground that is notoriously bad in the progress of the organic 
chemist. While the knowledge might be deferred for those who go further 
with organic chemistry there seems to be no good reason for deferring it 
even in such a case. It seems, then, that a suitable course for the whole 
class would be one which involves no pretense of covering a scheme of 
general reactions, which does involve a short period of preparative work 
covering as much variation of technic as possible but not driven to any 
meticulous detail, which does involve the employment of the students’ 
interest as often as possible, which encourages small investigations, gives 
a knowledge of an approach to the literature, and on all occasions makes 
appeal to the major professional interest of the student, eliminates necessity 
for exact repetition except in attainment of some end, encourages on all 
occasions an activity as nearly as possible the same as that of the prac- 
ticing chemist and as nearly as possible the same as that of the future 
possible activities in the field, whatever their professions. This general 
aim obviously calls for something very different from the conventional 
repetition of preparations and accordingly the following changes have 
been made in the usual procedure. These innovations are adduced with 

«modesty, since they are perhaps only applicable to our particular circum- 
stances, and perhaps not as effective as some simple change in the rela- 
tionship of the pupil to the university, some good choice of inspiring tutors, 
or other ameliorant of the learning process. Further, the results are hard 
to evaluate, and new systems are prolific of new errors and problems 
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whose bad results are not seen for a time. Nevertheless, the actions 
following from the preceding arguments have been taken in good faith, 
the principle of student interest has been thoroughly embraced at whatever 
cost in time and money, and the results already achieved are a partial 
recompense for the trouble. 

The class first enters a period of preparative work, the preparations 
being chosen from the point of view of interest and illustration of technic 
rather than relationship to the theory simultaneously being taught, since 
this period is to end long before the theoretical course is ended. For the 
first month or so each laboratory period starts with a demonstration of 
the fundamental operations by the instructor and assistants, and with the 
demonstration goes a talk on the variations of the procedures, warnings, 
proofs, such as is possible by word of mouth while the demonstration 
proceeds. Thus the first experiment may well be the preparation of a 
well-known general article occurring in nature, of interest to the pupil 
and his family. Thus the preparation of caffeine from tea (brought by 
the student) covers some different ways of filtering, a rough titration by 
precipitation, a crystallization, a sublimation, and gives a chance to the 
student to devise an apparatus without danger of complete failure, how- 
ever poor his attempt (details are furnished on pages 113-4). The 
drug is kept by the student. The succeeding experiments are similarly 
designed, avoiding exact repetition of the other operations as far as pos- 
sible, and thus perhaps sacrificing the yield for the sake of experience, 
since this question of yield forms a lesson of its own. 

After this period the more capable students are asked to suggest an 
inquiry of their own, the medium students to perform a little qualitative 
analysis, and the poorer to continue with preparations. Here and there 
the professor throws out hints for small inquiries, avoiding consultation 
with the instructor for the sake of preserving an air of spontaneity in the 
matter. From the preceding year there are some uncompleted inquiries: 
these are given for completion to the better students. Some are asked to 
test some recent claims of good yields in the literature, some are placed on 
preparations of substances in which they have evinced an interest. Most 
of the work is taken directly from the literature and when translations 
are necessary they are done by the tutors (often one of the students is 
capable of helping out others in this respect). The assistants and instruc- 
tor and professor are considered to be always available and the times of 
the students are not restricted to the regular hours in any special work. 
As often as possible the student is brought into contact with research 
students in fields of their interest, and even sent around for help when 
this is available without such movement, all in furtherance of the feeling 
of working in chemistry rather than completing a course. 

When the student is ready for his own work, his postulation of his ex- 
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periments is examined, checked or amplified, approved or condemned: 
every step thereof is later embodied in a report. The method of reporting 
is left to the student, and he is conscious of the fact that his reports are to be 
evaluated by the standards of the reports already in the literature, a 
standard high enough to call for the best in the best students. It is re- 
markable how careful, neat, and well written many of these reports are, 
in a style unspoiled by too slavish an imitation of precedent. At the 
end of the first semester some ten per cent of the class is doing special 
work, a proportion that grows to over fifty per cent by the end of the year. 
For those who have successfully completed some little inquiry or set of 
preparations from the literature embodied in a satisfactory report double 
maturity credits are given (a certain number of maturity credits are re- 
quired in this university for completion of a degree, and the course is 
evaluated for a fraction of these: this fraction is doubled at the instance 
of the professor and instructor where deserved, as a recognition of capacity). 

If a text is being used by the student (a set of texts is available in the 
laboratory) he is constantly being asked for his understanding thereof 
by his assistants, and after some months he is not allowed to work from 
the text in the laboratory but only from his own notes taken from the 
text. Laziness naturally curtails these, and evidence of intelligence and 
learning is found in those notes which are short of irrelevant or unnecessary 
details. The purpose of this barring of texts is the development of the 
student’s own imagination concerning his materials, most texts being 
far too exact in detail, often even misleading in their very detail. In- 
deed, some mistake on the part of the student is welcomed provided it 
arises from lack of knowledge or experience, since it provides an oppor- 
tunity for an examination of the sources of the mistake, a repetition of 
the experiment to avoid it, and success with gratification (provided the 
mistake is not too serious, done, for instance, with the whole yield of a 
substance to be used for further inquiry). 

The pre-medical students will be found preparing various drugs, amino 
acids, or disinfectants (mercurochrome, tyrosine, hippuric acid on a large 
scale, indicators for biological work, tyramine, salol, aspirin, veronal, etc.), 
and some of them will test out the preparations biologically. The engi- 
neers will be found testing out autoclave reactions, electrolytic prepa- 
rations, catalytic reactions, and various preparations of possible com- 
mercial value. 

No attempt is made to force the choice, even if it means obtain ing ex- 
pensive chemicals or involves trouble and work for the stockroom or tutors. 
The assistants are constantly in demand for advice and find the supervision 
of these students on special work a continual challenge to their own ca- 
pacities and an experience of value to themselves (they are usually research 
workers in organic chemistry). The instructor is kept busy and interested, 
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finding in the by-paths of the work continual surprises and points of interest 
for further examination. The cost is heavy, as would be expected in a 
scheme which embodies some of the tutorial method and virtue, but this 
was anticipated and will be no barrier to a further extension of a system 
which seems satisfactory so far, and promising for the future. 

As a specific illustration of the type of experiment performed by the 
student the details of the preparation of caffeine from tea are given. This 
experiment is chosen on the grounds of interest, arranged in accordance 
with the principles of experience in operation rather than reaction, pro- 
viding a normal first step, but easy, in the experience of a chemist work- 
ing from natural sources. The magnificence of the formula is to be joked 
away, and, of course, not to be learned. Herein appear the use of wide- 
pored material for filtration of solutions colloidal in nature; filtration hot, 
cold, warm, and with suction; extraction with liquids heavier than water; 
precipitation, washing, decantation: crystallization by evaporation and 
sublimation under reduced pressure; reduction of bulk. This formidable 
list of operations is really not difficult, and in the body of a text which it 
is hoped to publish later the appropriate notes are included, containing 
the information at the time necessary, and amplified later in the further 
variations of the procedures. 


Place the contents of a one-half pound package of tea (preferably a finer grade of 
Pekoe or black tea) in a two-liter round-bottomed flask (note on the use of flasks) and 
add about 1200 cc. of water. Support it on a stand and bring to gentle boiling over a 
wire gauze (diagram). Allow the digestion to proceed while a solution of basic lead 
acetate is prepared as follows: 

Dissolve 20 g. of lead acetate in 100 cc. of water in a beaker and add 

20 g. of litharge (lead monoxide). Boil for a few minutes, stirring frequently 

with arod. Filter while warm from any undissolved (note on warm filtrations) 

litharge and place the solution on the steam-bath to keep warm. 


The tea infusion is now filtered from leaves by means of a porous cloth (unsized cotton 
cloth, linen, or cheese cloth) (note on filtrations of such a nature) stretched over a large 
beaker or wide dish in any convenient way. After removing the tea leaves, pour back 
the tea infusion into the clean flask and, while still warm, add the solution of basic lead 
acetate previously prepared, the addition to cease when no further precipitation is ob- 
served (note on this form of titration and its employment). Heat the mixture nearly to 
boiling and filter, hot; wash the precipitate once with 100 cc. of hot water, adding the 
washings to the filtrate (ote on hot filtrations, apparatus, diagrams, and reference to other 
filtration notes in the text). Bring the filtrate once more to boiling in a large beaker and 
remove the excess lead by precipitation by means of dilute sulfuric acid until no further 
precipitate of lead sulfate appears (further note on this form of titration, dangers, the dis- 
posal of the excess in further instructions, and note on sulfuric acid, sulfites, sulfides, in 
organic practice). Allow the precipitate to settle and decant the solution away from the 
precipitate (note on decantation, washing, diagrams); alternatively, filter. (Already an 
alternative is suggested.) Boil down the solution to about 300 cc. and add 0.25 g. or 
less of animal charcoal or norite (note on the use of such substances, quantity normally, 
particular dangers). Continue to boil down until the volume is about 250 cc. Cool. 





114 JOURNAL OF CHEMICAL EDUCATION January, 1931 


Filter off the animal charcoal, most conveniently using a small Buchner funnel and a 
filter flask at the pump (diagrams). Extract the filtrate three times with 50-cc. portions 
of chloroform in a separatory funnel running off the lower layer of chloroform in each 
case (note on extractions with calculations and normal procedures). Collect the chloro- 
form extracts and convey them into a 250-cc. distilling flask. Attach the distilling 
flask to a straight-tube water condenser (introductory note on distillations, diagram, 
practice) as shown in the diagram and distil off the chloroform on the water-bath. When 
no more chloroform distils over detach the flask and add 50 cc. of water to the residual 
impure caffeine. Boil on a free flame to dissolve the caffeine (if it does not all go into 
solution, neglect the residue). Transfer the solution to a small dish and place the dish 
on the steam-bath, stirring as the water evaporates, bringing down any solid from the 
sides into the body of the solution as the bulk decreases. When the volume is about 10 
ce., set aside to cool (note on crystallization by evaporation). The caffeine slowly comes 
out in the form of white crystals, being a mixture of anhydrous and hydrated caffeine 
(one mole of water) (physical properties, reactions). The caffeine is further purified 
by sublimation, preferably under reduced pressure (in vacuo). For such an operation a 
wide boiling tube is suggested as in the diagram, the caffeine being heated with a very 
small flame under a chimney and covered with a material to prevent the sublimed stuff 
from falling back on the lower part of tube (note on sublimation, introductory theory, use). 
(Already some devising of apparatus is left to the student, the requirements being sketched, 
the assistants to check each set-up before commencing.) 


Justification for the inclusion of a course in Practical Organic Chemistry 
in the curriculum has been shown by describing an introductory course 


which aims at the employment of student interest for efficiency, suitable 
for students of diverse professions; and involves the learning of an approach 
to the literature, neglect of general reaction illustration, individual work 
and reports, with the encouragement of individual style and imagination. 


New Uses Found for Helium, Former Rare Gas in Sun. Helium, first discovered 
in the sun and later obtained at great expense in minute laboratory quantities, is now 
familiar to every one as the lifting gas for American airships. Soon, however, it may be 
even more common for still other uses are rapidly being found for it. At the Cincinnati 
meeting of the American Chemical Society, R. R. Bottoms and W. E. Snyder of the 
Helium Co., Louisville, Ky., stated that “helium gas is now available in commercial 
quantities in the United States and there is sufficient supply to meet not only the needs 
of aeronautics, but for other uses as well.” 

The points that make helium valuable, they stated, are that it is inert chemically, 
not combining with any other element; it is very light; it is insoluble, conducts heat 
well and can be cooled to an extremely low temperature without liquefying. These 
properties, they say, make it valuable for use in metallurgy, for the preservation of 
food, for heating and cooling, and as a circulating medium, instead of air, in drying 
systems. They also suggest that it can be used as an artificial atmosphere for deep 
sea divers and caisson workers and for the treatment of diseases of the lung and blood. 
In such uses it would be employed as a substitute for ordinary air, the helium being 
mixed with oxygen, and thus taking the place of the nitrogen in the atmosphere.— 
Science Service 
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THE TEACHING LOAD OF COLLEGE CHEMISTRY 
INSTRUCTORS* 


AXEL L. JoHNSON, UpSALA COLLEGE, EAST ORANGE, NEW JERSEY 


The following article 1s a summary of an investigation made in the fall of 
1929. The investigation was a survey of the teaching loads of chemistry 
teachers 1n two hundred eighty-seven liberal arts colleges. Institutions, 
classified by type of control and also by size of student enrolment, furnished 
the data. 

The study shows the conditions among chemistry teachers with regard to 
the distribution of the teaching load among them as it existed during the school 
year 1929-30. It concludes with recommendations intended to suggest a 
more equitable distribution of such teaching load. 


Introduction 


Statement and Definition of the Problem: This investigation is a 
survey of the teaching load of chemistry instructors in the liberal arts 
colleges and universities of the United States. 

The teaching load as a survey of the instructional work of college chem- 
istry teachers may resolve itself into the following factors: 


1. The present teaching load in terms of teaching hours per week. 

2. The relationship between types of courses and total teaching hours per week. 

3. Percentage of instructors who must personally carry the responsibilities relative 
to ordering, maintaining, and furnishing supplies and equipment for student use. 

4. The administrative policies governing the instructors’ teaching loads with re- 
spect to: 

(a) Allowance for laboratory teaching or supervision in terms of teaching hours. 

(b) Allowance for pursuance of personal research work in terms of teaching hours. 

5. Comparisons of factors one to four inclusive with respect to types of colleges— 
state, sectarian, private, and lastly, with respect to the size of colleges. 


Limits of the Investigation: In the analysis of teaching hours, this 
investigation is confined specifically to the instructional work of full-time 
teachers. It limits the instructional work to the time actually spent 
with the classes in the laboratory or in the classroom in connection with * 
chemistry courses on the college level. It is not proposed to measure 
or equate the variables that are not a part of the instructional hours 
actually spent in the classroom or in the laboratory. Furthermore, it is 
not proposed to measure the teaching load of instructors who have a 
“mixed schedule,” that is, a schedule that, in addition to one or more 
chemistry courses, includes courses in fields other than that of chemistry. 

Definition of Terms: Statements of explanation of terms are in order 
for a proper understanding of various terms as they are used in this survey. 

* A summary of an investigation made in the fall of 1929 and embodied in a mas- 
ter’s thesis presented in the School of Education, New York University, May, 1930. 
115 
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The term Hour as used in the data tabulated in this survey has a 
weighted value. It represents the sum of lecture or recitation clock hours 
plus the weighted laboratory hours. The weighting of laboratory hours 
was determined by the questionnaire answers as to equivalence of labora- 
tory clock hours in terms of lecture clock hours. A sample of raw ques- 
tionnaire data might further clarify the term. Supposing Teacher A has 
a total of 10 lecture clock hours and 4 laboratory clock hours as his teach- 
ing load; the administration of his school states that 2 laboratory clock 
hours are equivalent to 1 lecture clock hour; then his teaching load would 
be 10 plus (4 divided by 2), which gives a total of 12 hours in his teaching 
load. 

Unweighted hours of time are expressed as Clock Hours. 

Both Hour and Clock Hour, as each is defined above, designate units 
spent over a period of one week. 

The term Jnstructor designates any college teacher regardless of whether 
his title is professor, associate professor, assistant professor, or instructor. 

Previous or Related Studies: Surveys of previous or related studies 
were made but space will not permit of their being summarized in this 
paper. The results were built on so many bases that it was well-nigh 
impossible to make any comparisons among them or to draw any conclu- 
sions from them. 

Value or Significance of Investigation to Education: Previous surveys 
in the field of education indicate that very little has been accomplished 
with respect to surveying the teaching load in the field of the laboratory 
sciences on the college level. Chemistry as one of the sciences presents 
a difficulty in the matter of equating laboratory hours in terms of teaching 
hours. College administrations follow no standardized plan in adjusting 
laboratory clock hours in terms of teaching hours. Furthermore, the re- 
sponsibilities with regard to the handling of laboratory supplies and equip- 
ment are often included in the duties of the instructor. 

A knowledge of existing conditions in the teaching of college chemistry 
may lead to a better understanding on the part of college administrators 
and chemistry instructors. 


Collection of Data 


Method of Conducting Investigation: In order to make a survey of 
factual conditions as they actually exist with respect to teaching chemis- 
try in the liberal arts colleges and universities of the United States, it was 
necessary to secure specific information from at least a representative 
sampling of all institutions concerned. The written questionnaire method 
was the only means practicable in such an undertaking. Thus a printed 
questionnaire with a letter of explanation to accompany it, was sent to 
the head of the department of chemistry in each liberal arts college and 
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university in the United States. A total of five hundred seventy* colleges 
were included in the list to which the questionnaire was sent. 

Analysis of Questionnaire Make-Up: The questionnaire itself had 
three subdivisions—Parts I, II, and III. Part I had space for itemized 
time expenditures in class or laboratory by a maximum of four teachers. 
It also provided space for itemized time expenditures of student or grad- 
uate assistants. Such student or graduate assistants were listed as defi- 
nitely assisting one of the teachers listed previously. The listing of hours 
for each instructor might be entirely under one course or scattered among 
two or more courses. There were five courses under which a listing of 
hours could be made. These courses were considered as representative 
of the chemistry courses given in college on the undergraduate level. 

Part II, in so far as the first four questions were concerned, required yes 
or no answers with respect to the handling of laboratory equipment and sup- 
plies. The fifth question called for opinions from heads of chemistry de- 
partments as to what they considered a fair teaching load in clock hours 
per week. 

Administration policies were ascertained in Part III. Question one 
asked for value of laboratory teaching or supervision in terms of lecture 
hours. The answers here were absolutely necessary in equating labora- 
tory hours, listed under Part IJ, in terms of lecture hours. Question two 
asked for the policy of assigning teaching loads to instructors who are 
pursuing personal research work. 

Questionnaire Returns: Of the five hundred seventy colleges to 
which questionnaires were sent, the chemistry chairmen in two hundred 
eighty-seven returned the questionnaires completely answered. 

It is on the basis of the two hundred eighty-seven questionnaire returns 
that the analyses, correlations, summaries, and conclusions have been 
made in the following pages. 

In these pages no attempt will be made to identify data with specific 
colleges and universities other than with those of the same type or size. 
In fact a pledge of no publicity to the schools giving questionnaire returns 
prevents specific attention being focused on any particular institution. 


Presentation and Analysis of Questionnaire Returns 


In a questionnaire involving as many and varied factual answers as in 
the questionnaire about which this investigation revolves, an attempt 
must be made to separate it systematically into divisions. Especially 
Part I of the questionnaire needs a scheme of classification. 

* These five hundred seventy colleges represented all liberal arts colleges and uni- 
versities that were known to have teachers presenting chemistry courses. To eliminate 
involved variables, normal colleges, teachers’ colleges, and colleges primarily for negro 
students were omitted from the list. Addresses of available colleges and universities 
were obtained from Hurt’s College Blue Book, 1928 edition. 
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First, the teaching hours, to be designated by the term Hour, were 
classified to show the relationship between the total hours and the hours 
spent in one course. Second, the colleges were divided with respect to 
type of administrative control, namely, state, sectarian, private, and non- 
sectarian. Third, the colleges were divided with respect to size of student 
enrolment, namely, less than 400, 400 to 1000, 1000 to 2000, and lastly, 
those with 2000 or more. 

The courses analyzed were general chemistry, qualitative analysis, 
quantitative analysis, organic chemistry, and physical chemistry. 


TABLE I’ 


Summary of Total Teaching Loads with One or More Hours of General Chemistry in the 
Total Loads 


Teacher Distribution as to Teaching 
Number Quartile 


Type of of Median Mode Deviation Range 8-10 11-13 14-16 17 and Up 
Institution Cases (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) 
State-controlled 71 18.64 15.5 2.30 820 22 32 32 14 
Sectarian 220 14.58 18.5 2.15 827 18 30 34 23 
Private non-sec- 
tarian 91 13.06 12.5 2.68 25 34 21 20 
Up to 400 enrol- 
ment 79 13.92 18.5 2.17 18 33 30 19 
400 to 1000 enrol- 
ment 196 14.84 12.5 2.57 15 29 
1000 to 2000 en- 
rolment 57 18.91 11.5 2.70 18 33 
2000 and up en- 
rolment 50 14.07 12.5 1.77 
All colleges 13.97 18.0 2.34 


TABLE II 


Summary of Total Teaching Loads with One or More Hours of Qualitative Analysis 
in the Total Loads 


Teacher Distribution as to Teaching 
Number Quartile 


Type of of Median Mode Deviation Range 8-10 11-13 ? 16 17 and Up 
Institution Cases (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) (Hours) 

State-controlled 26 15.6 16.5 1.94 821 12 2: 38 27 
Sectarian 131 14.59 14.5 2.31 827 12 31 29 28 
Private non-sec- 

tarian 57 18.91 12.5 2.44 823 19 32 30 19 
Up to 400 enrol- 

ment 60 14.21 18.5 2.32 8-27 9 38 30 23 
400 to 1000 enrol- 

ment 104 14.66 15.0 2.5 8-24 14 28 36 22 
1000 to 2000 en- 

rolment 25 14.25 11.5 2.94 820 12 36 16 
2000 and up en- 

rolment 25 15.0 14.25 1.75 14 27 41 
All colleges 14.61 14.0 2.3 13 31 32 
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Summary of Total Teaching Loads with Various Types of Courses 
Involved in the Total Load: The following tables are included in order 
to summarize the central tendencies and the distribution of hours when 
various courses are involved in the total teaching load. 


TABLE III 


Summary of Total Teaching Loads with One or More Hours of Quantitative Analysis in 
the Total Loads 


Teacher Distribution as to Teaching 
Number Quartile Load (% 
Type of of Median Mode _ Deviation Range 8-10 11- 13 14-16 17andUp 
Institution Cases (Hours) (Hours) (Hours) (Hours) (Hours)(Hours) (Hours) (Hours) 


State-controlled 27» «14.5 8.5 3.56 8-20 33 15 33 19 
Sectarian 102. 14.4 14.5 2.62 8-25 13 31 25 31 
Private non-sec- 

tarian 49 14.5 .56 2.07 8-23 35 31 24 
Up to 400 enrol- 

ment 385 §614.16 : 1.95 8-21 40 30 21 
400 to 1000 enrol- 

ment 93 14.61 : 2.89 8-25 29 22 34 
1000 to 2000 en- 

rolment 27 ~=13.88 : 2.81 8-20 37 18 30 
2000 and up en- 

rolment 23 «14.66 i 1.75 10 55 15 
All colleges 14.4 , 2.55 — 31 27 28 


TABLE IV 


Summary of Total Teaching Loads with One or More Hours of Physical Chemistry in 
the Total Loads 


Teacher Distribution as to Teaching 
Number Cuartile oad (% 
Type of of Median Mode Deviation Range 8-10 11-13 14-16 17andUp 
Institution Cases (Hours) (Hours) (Hours) (Hours)(Hours) (Hours) (Hours) (Hours) 


State-controlled 27 «12.5 11.5 2.44 8-21 26 37 15 22 
Sectarian 95 14.19 18.5 1.69 824 15 33 31 21 
Private non-sec- 

tarian oe: 48.12 4F. 2.06 8-20 22 39 26 13 
Up to 400 enrol- 

ment 22 = 18.35 ; ; 33 38 24 5 
400 to 1000 enrol- 

ment 78 14.5 3. : 33 31 24 
1000 to 2000 en- 

rolment 14.17 5. sf 24 35 17 
2000 and up en- 

rolment - 13.0 : ; 8-21 45 . 23 
All colleges 153 =: 18.51 0 ; 8-24 35 28 21 


In the 8- to 10-hour total teaching load group, the number of instructors 
having general chemistry as part of their load shows a slightly larger per- 
centage than do any other groups. 

Of the instructors giving quantitative analysis, an unusually large per- 
centage has teaching loads in excess of 16 hours, In fact, almost one- 
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TABLE V 


Summary of Total Teaching Loads with One or More Hours of Organic Chemistry ir: 
the Total Loads 


Teacher Distribution as to Teaching 
Number Quartile 


Type of of Median Mode Deviation Range 8-10 11-13 210 17 and Up 
Institution Cases (Hours) (Hours) (Hours) (Hours)’ Tours)(Hours) (Hours) (Hours) 

State-controlled 35 §=614.5 15.6 1.82 821 12 38 40 15 
Sectarian 151 14.48 18.5 2.06 825 13 32 26 29 
Private non-sec- 

tarian 61 13.2 ie .00 - 18 39 25 18 
Up to 400 enrol- 

ment 63 138.87 3. .3l 18 35 25 22 
400 to 1000 enrol- 

ment 131 14.39 . : j 14 34 26 
1000 to 2000 en- 

rolment 29 «14.62 x .32 17 24 31 28 
2000 and up en- 

rolment 24 12.75 12.87 .75 8-21 17 45 29 9 
All colleges 247 +138.98 12.37 2.03 8-25 14 35 27 24 


third of the instructors in quantitative analysis is in this group. Is quan- 

titative analysis considered the easiest to teach? Is the large teaching 

load due to many laboratory periods? Or is it a mere coincidence? 
The percentage of instructors with teaching loads from 11 to 16 hours, 


inclusive, is fairly constant regardless of the courses included. 

_ And finally, 21 to 28 per cent of all college teachers of chemistry have 
teaching loads in excess of 16 hours, the maximum load in the rulings 
of the associations of colleges. 

Summary of Assistance with Relation to Total Teaching Load: Con- 
sidering all colleges regardless of type or size, 50 per cent of the instructors 
had. assistance, the greatest frequency being four or eight clock hours 
per week. 

Again, the instructors in all colleges with teaching loads of thirteen 
teaching hours were the ones who most frequently had assistance. Evi- 
dently, high teaching loads are not lightened by the giving of assistance. 


Laboratory Equipment and Supplies 


The summaries to the answers on the supply and equipment responsi- 
bilities are given in Table VI. 

The outstanding general trend to be noted in the above table is the 
fact that as larger and larger schools are viewed, equipment and supplies 
become more and more an impersonal matter to the teaching staff. 


Administration Policies 


Weighting of Laboratory Hours: The answers to the question of 
weighting laboratory clock hours in terms of teaching hours are summarized 
in Table VII. 
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TABLE VI 
Supply and Equipment Responsibilities 


Does Instructor Does Instructor Are Students’ Are Stockroom 
Bring Out Ma- Bring Out Ma- Stockroom De- Accounts Handled 
terials and Set Up terials for mands Supplied by an Instructor in 
the Apparatus for Students’ Experi- by the Instructor Addition toa Pull 
His Lecture Table ments? Personally? Teaching Load? 
Demonstrations? 
% % % % % % % To % %N 
Par- Par- . Par- Par- 
Type ofInstitution Yes No tially Yes No tially Yes 1 tially Yes No tially 
State-con- 
trolled 44 53 3 19 78 3 9 13 26 74 O 
Sectarian 68 28 4 42 5 53 39 54 7 60 35 5 
Private non-sec- 
tarian 55 = 35 1Z 2% 22 8 51 42 
Up to 400 en- 
rolment 71 = 25 51 48 43 64 
400 to 1000 
enrolment 71 =28 36 3= «57 36 C‘*éE 60 
1000 to 2000 
enrolment 38 43 15 73 12 15 
2000 and up 
enrolment 28 «458 3 97 0 0 
All colleges 62 33 34 «61 5 31 


TABLE VII 
Colleges Grouped by Percentage According to Number of Clock Hours of Laboratory 
Supervision Equivalent to One Clock Hour of Lecture Teaching 


Clock Hours of Laboratory Supervision Equivalent to One Hour 
Colleges Lecture Teaching 


1/2 1 11/2 2 21/2 3 
By Type: 
State 16 13 26 
Sectarian 6 4 10 20 
Private : 1.5 14 


By Enrolment: 
Less than 400 20 
400 to 1000 
1000 to 2000 : 24 
2000 or more / 19 


All colleges 0.4 20 


The outstanding conclusion derived from Table VII is the fact that 
three-fifths of all colleges have designated two clock hours of laboratory 
supervision as equivalent to one teaching hour. The two-hour equivalent 
is apparently the standard equivalent, since the equivalents in all other 
colleges combined are used by only two-fifths of the colleges. 

Teaching Load and Research: The position of research in the teach- 
ing load is summarized in Table VIII. 

Table VIII indicates that more than one-half of the colleges give no re- 
duction of teaching load because of research work. 
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TABLE VIII 


Colleges Grouped by Percentage According to Answers to Question: Is a Reduction 
of Hours Allowed to an Instructor Who Is Doing Research Work and Nearing the 
Completion of Requirements for an Advanced Degree? 


No Does Not 
College Answer A pply* Yes 


By Type: 
State 12.5 0 22 


Sectarian 16 6 18 60 
Private 14 18 48 


By Enrolment: 
Less than 400 16 15 57 
400 to 1000 18 é 13 64 
1000 to 2000 9 g 30 52 
2000 or more 7 34 45 


All colleges 15 19 56 


* The phrase, does not apply, was used to designate replies stating that there were 
no opportunities for research at an institution or that there was no person to whom the 


question might apply. 


Of the colleges giving reduction of hours on account of research work, 
it is apparent from the table that the larger the college, the greater is the 
possibility of such allowance being made. 


Conclusions 


I. SUMMARY 


Teaching Load in Terms of Teaching Hours per Week 


. Slightly over one-third of all college chemistry instructors have 
teaching loads of 11 to 13 hours, inclusive, per week. 
Over three-fifths of all college chemistry instructors have teaching 
loads of 11 to 16 hours, inclusive, per week. 
One-fifth of all college chemistry instructors have teaching loads in ex- 
cess of 16 hours per week. 
Considering colleges by type of control, the state-controlled colleges 
have the largest percentage of low teaching loads, that is, teaching 
loads from 8 to 10 hours, inclusive, per week. 
The sectarian-controlled colleges have the smallest percentage of 
low teaching loads, that is, teaching loads from 8 to 10 hours, inclu- 
sive, per week. 
The non-sectarian and privately controlled colleges have the smallest 
percentage of teaching loads in excess of 16 hours per week. 
The state-controlled colleges have a percentage of instructors with 
teaching loads in excess of 16 hours, that is, slightly larger than twenty- 
one per cent, the average of all colleges. 
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8. 


Considering colleges by size, the colleges with less than four hundred 
students have the largest percentage of low teaching loads, that is, 
teaching loads from 8 to 10 hours, inclusive, per week. This same 
group of colleges has also the smallest percentage of teaching loads 
in excess of 16 hours per week. 

The very large colleges, that is, the colleges with two thousand or 
more students, have the smallest percentage of very low teaching 
loads, that is, loads from 8 to 10 hours per week. 

The colleges with enrolments of four hundred to one thousand stu- 
dents have the largest percentage of teaching loads in excess of 16 
hours per week. Their percentage is three per cent over the average 
for all colleges. 

The colleges with enrolments of two thousand or more show a high 
percentage of instructors with teaching loads between 11 and 13 
hours, inclusive, per week. This percentage is one-third larger than 
the average for all colleges. 


Types of Courses and Total Teaching Load 


. Of all chemistry instructors, those with one or more hours of general 


chemistry included in the total load make up the largest percentage 
of those with very low teaching loads, that is, loads from 8 to 10 
hours, inclusive, per week. 


2. Of all chemistry instructors, those with one or more hours of qualita- 


tive analysis included in the total load constitute the smallest per- 
centage of those with very low teaching loads, that is, loads from 8 
to 10 hours, inclusive, per week. 

Of all chemistry instructors, those with one or more hours of either 
general chemistry or physical chemistry included in the total loads 
compose the smallest percentage of those with loads in excess of 16 
hours per week. 

Relationship of Clock Hours of Assistance to Total Load 

Only in the case of general chemistry teaching is the nature of 
assistance uniform enough to permit comparison of teaching assis- 
tance in various colleges. 

About fifty per cent of all instructors who have general chemistry 
in the total teaching load have assistance. 

In state- and sectarian-controlled colleges, instructors with teaching 
loads ranging from 9 to 13 hours, inclusive, are most likely to have 
assistance. 

The assistance in state-controlled colleges is most frequently either 8 
or 12 clock hours per week. 

The assistance in sectarian-controlled colleges is most frequently 
either 4 or 8 clock hours per week. 
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10. 
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In private or non-sectarian colleges, instructors with teaching loads 
ranging from 9 to 15 hours, inclusive, are most likely to have 
assistance. 

From the point of view of college enrolment, the instructors in 
very small schools most frequently have 4 clock hours of assistance 
per week. 

In the four hundred to one thousand enrolment group, the in- 
structors most frequently have 4 or 8 clock hours of assistance 
per week. 

Considering colleges as a whole, instructors with total teaching 
loads of 13 hours most frequently have assistance. 

Instructors with high or excessive teaching loads are not given 
assistance. 


D. Opinions of Heads of Chemistry Departments with Respect to 
Teaching Loads in the Department 


l. 


Heads of chemistry departments most frequently believe that the 
teaching load should average 15 clock hours per week. 

Heads of chemistry departments most frequently believe that the 
laboratory clock hours of teaching are about one-half of the total 
clock hours of teaching. 

If two clock hours of laboratory teaching are equivalent to one 
clock hour of lecture or recitation teaching, then 15 clock hours 
total load with half time in the laboratory equals 11.25 teaching 
hours per week. 

Considering 11.25 hours as an average load, this is equal to the 
load of only one-fifth of all college chemistry instructors in the 


‘liberal arts colleges and is from 2 to 6 or more hours below the actual 


load of two-thirds of all college chemistry instructors. 


E. Instructors’ Responsibilities with Respect to Equipment and Ma- 
terials 


J. 


Two-thirds of all chemistry instructors set up and carry out their 
own demonstration experiments. 

One-third of all college chemistry instructors bring material and 
apparatus into the laboratory where it is accessible to the students 
performing the experiments. 

One-third of all college chemistry instructors personally supply 
the students’ demands on the stockroom. 

The stockroom accounts in two-thirds of the small colleges are 
handled by one of the instructors in addition to a full teaching load. 
The stockroom accounts in only one-eighth of the very large col- 
leges are handled by one of the instructors in addition to a full 
teaching load. 
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F. Administration Policies 
(a) Laboratory hours in terms of teaching hours 


Three-fifths of all colleges have designated two clock hours of 
laboratory supervision or teaching as equivalent to one teaching 


hour. 
Twenty-nine per cent of all state-controlled colleges designate less 


than two clock hours of supervision or teaching as equivalent to one 
teaching hour. 

At the same time, the state-controlled colleges show the largest 
percentage of all colleges in designating more than two clock hours 
of laboratory supervision or teaching as equivalent to one teaching 
hour. 


Allowance for research work 

Fifty-six per cent of all colleges give no reduction of hours on ac- 
count of research work. This percentage may not be significant 
since many teaching loads may be low enough to permit time for 
research work without requiring a reduction of teaching hours. 
The larger the college, the greater seems to be the tendency to give 
a reduction of teaching hours on account of personal research work. 


II. LIMITATIONS IN CONCLUSIONS 
The conclusions offered in this survey investigation may have certain 
limitations. 

The data are records of the 1929 fall semester’s conditions in the 
liberal arts colleges of the United States and may or may not be 
an analysis of a normal period. 
The variables exclusive of time spent with the students* have not 
in any way been computed or weighted with classroom work. 
The 51.4 per cent questionnaire returns are uniformly representa- 
tive of colleges by type and size, but need not necessarily be repre- 
sentative of all the colleges. 


III. RECOMMENDATIONS 
A. Teaching Load 

1. Since four-fifths of all instructors of college chemistry have teach- 
ing loads of 16 hours or less per week and if 16 hours or less are 
considered capacity loads, then one-fifth of all college chemistry in- 
structors are either overworked or not conducting the teaching with 
average efficiency. Colleges would do well to investigate all situa- 
tions in chemistry where there are teaching loads in excess of 16 
hours per week. 

* See references 3 and 13 in bibliography at end of article. 
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College accrediting agencies have stipulated that 16 hours per week 
shall be the maximum teaching load in any department. Many 
of the instructors who have loads in excess of 16 hours are teaching 
in colleges recognized by one or more college accrediting agencies. 
If the accrediting agencies’ rules on maximum teaching load are 
meant to apply to all recognized colleges, then such agencies may 
profitably investigate the size of chemistry teaching loads in colleges 
already recognized. 

If the college accrediting agencies’ rules on teaching load are to be 
applied to colleges seeking recognition by the agencies, then such 
agencies need to investigate very carefully the chemistry teaching 
loads in such colleges. ° 


B. Material and Equipment Responsibilities 


One-third to two-thirds of all chemistry instructors personally main- 
tain and distribute all laboratory equipment and materials. The burden 
of this work should be lightened by the assignment of fewer teaching 
hours to such instructors. Then the demands on such instructors would 
be more equalized with the demands on those who teach courses involv- 
ing no responsibilities of equipment or materials. 


The assignment of teaching loads to college chemistry instructors re- 
quires reflective thinking in terms of clock hours in the classroom, labora- 
tory, and stockroom rather than in terms of teaching hours. 
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Ice Made under Pressure Warms Instead of Cools. Dr. P. W. Bridgman of 
Harvard University has frozen water at a temperature of 180 degrees Fahrenheit, only 
42 degrees below its boiling point. His product is ice as real as that which forms on 
ponds in the winter; but it is hot ice, so hot that it will burn one’s hands. 

It was made by putting water under a pressure of 290,000 pounds or 145 tons per 
square inch. Ordinary ice becomes unstable at pressures greater than 29,000 pounds 
per square inch and is replaced by other forms, one of which is stable at 290,000 pounds 
and temperatures as high as 180 degrees, Dr. Bridgman found. 

He has conducted experiments with pressures as high as 580,000 pounds or 290 tons 
per square inch. Many interesting changes in the properties of substances take place 
under these unusual conditions. 

Pressures of more than half a million pounds per square inch are meaningless until 
compared with atmospheric pressure of slightly less than 15 pounds, the pressure in 
steam boilers which seldom exceeds 1200 pounds, or the pressure at the bottom of the 
deepest part of the Pacific ocean which is little more than 15,000 pounds per square 
inch.— Science Service 


Dyes Made from Castor Oil. Castor oil as a thing of joy and beauty is the promise 
held in recent experiments in the manufacture of dyes from fat, conducted by Rajendra 
N. Sen and Ashutosh Mukherji, in the chemical laboratory of the Presidency College, 
Calcutta. From castor oil was obtained a brown powder which gave an orange tint 
to wool and silk. Coconut oil was also tried and yielded a brighter orange color, while 
olive oil made a brown dye for wools and stained silks in various shades of red. The 
method used in the manufacture of the new dye was developed by Mr. Sen. It con- 
sists in using esters of benzoic, salicylic, and other acids instead of the acids themselves 
in the process. Chemically, fats are also esters, although they are quite different 
from the simpler esters of benzoic and salicylic acids. 

High yields obtained in the laboratory and the ease with which the dyes may be 
manufactured from fats suggests that the new process will be of commercial importance. 
Oil fats have an advantage over coal tar, now widely used in dye making, in that the 
supply is continually replenished by nature, in the tropics or on farms and plantations. 
Hence there is no danger of exhausting the supply, even in the remote future. Also, 
many of the oils can be obtained at a much lower price than ordinary dye materials.— 
Science Service 





VISUAL AIDS IN CHEMICAL EDUCATION* 
V. Slides Available for Use in Chemistry Classes 


The stereopticon slide has a place among the various aids for the presen- 
tation of chemical knowledge. Like every other means which may be 
taken to elucidate a specific problem, the slide may be misinterpreted, mis- 
used, and abused. The usual tools of the chemist are subject to the same 
possibilities. A boy, for example, may become so absorbed with the 
violence of explosions in an experiment that he utterly fails to compre- 
hend the chemical significance involved. Every teacher has met with 
that experience and has taken the necessary steps to direct the student’s 
attention through the realms of relative unimportance to the fundamental 
idea. 

For the chemist as weil as for every science instructor, the problem of 
additional tools brings additional problems in the technic of presentation. 
The projection of still or motion pictures without technic is of little value. 
The introduction of such pictures has increased the potentials in the hands 
of the teacher. His question is now, “What agency or combination of 
all these agencies at my command are the most desirable for the given 
point under consideration?” 

In the following list of sources of slide material in chemistry subjects, 
the Committee on Visual Aids in Chemical Education does not feel that 
a thorough study of the field has been made. It is given here as a be- 
ginning and with the hope that teachers and friends will keep the Com- 
mittee posted on both subject material and sources which may be added 
to supplementary and revised lists which the Committee will publish 
from time to time. 

Chemistry teachers who wish to use slide material will do well to get in 
touch with the visual instruction divisions of their state departments of 
education or state universities, many of whom have slide material in 
chemistry subjects which is loaned either free or at a small cost in addi- 
tion to express charges to the user. 


Sources of Slide Material 


Apprepriate lecture material accompanies Ice and Refrigeration 1 Roll— 
those slides marked #. 40frames 3.00 


Bray ScREEN Propucts Fim LIBRARY, Set of Science of Life 12 Rolls 30.00 
130 West 46th Street, New York City Set of Human Body 6 Rolls 18.00 
Film Slides—Sale only Set of General Science 12 Rolls 30.00 
Approxi- 
No. of mate 
Pictures Costto COMBUSTION ENGINEERING CORPORATION, 


sonia idan aaa 200 Madison Avenue, New York City 
Petroleum and Gas 1 Roll— 
50frames $3.00 Glass Slides—Free 
* This is the fifth of a series of articles from the Committee of the Division of 
Chemical Education of the A. C. S. on Visual Aids in Chemical Education. See J. 
Cuem. Epuc., 7, 828-33, 1113-4, 1341-8, 2916-27 (1930). 
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No. of 
Pictures 


Subject in Set 


#Equipment for Burning Coal 50 
#Boilers 43 


COMMONWEALTH OF MASSACHUSETTS, 
Division of University Extension, State 
House, Boston, Mass. 


Stereographs—Rent: approximate cost in 
Massachusetts $0.02 each, minimum 
charge $1.00 for each booking. Other 
states $0.04 each, minimum charge 


$2.00 for each booking 
No. of 
Pictures 
Subject in Set 
#Industries of America 95 


#Industries 58 


THE CoRTICELLI SILK Company, 136 
Madison Avenue at 31st Street, New York 
City 

Glass Slides—Free 
No. of 


Pictures 
Subject in Set 


#From Cocoon to Spool 62 


GENERAL ELECTRIC COMPANY, 1 River 
Road, Schenectady, New York 
Glass Slides—Free 
No. of 


Pictures 
Subject in Set 


The Chemical Industry 23 


GRINNELL Company, INc., 277 W. Ex- 
change Street, Providence, R. I. 
Glass Slides—Free 
No. of 


Pictures 
Subject in Set 
Descriptive of Grinnell Auto- 


matic Sprinklers 12 
IDEAL PICTURES CORPORATION, 26 East 
Eighth Street, Chicago, IIl. 


Film Slides—Sale only: 
$3.00 per single film 


approximate cost 


No. of 
Pictures 
Subject in Set 


#Brick 23 
#Building Stone 50 
#Coal—Anthracite 51 
#Coal—Bituminous 52 
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No. of 
: Pictures 
Subject in Set 


#Concrete 22 
#Glass 40 
#Gold 30 
#Iron 24 
#Marble 29 
#Paper 
#Petroleum 43 
#Pottery 
#Rubber 
#Silk—Japan 
#Silk—U. S. 
#Some By-Products of the Meat 
Packing Industry 
#Steel 60 
#Tile 33 
Story of Coal, Part 1 103 
Story of Coal, Part 2 74 
Story of Copper 89 
Iron and Steel 78 
Story of Marble 86 
Manufacture of Paper 110 
Petroleum and Gas 98 
Story of Salt 83 
Story of Silk 103 
Ice and Refrigeration 100 
Building Stone 103 


With the last 11 film slides no manual 
necessary as captions are on films. 


INTERNATIONAL FILTER COMPANY, 59 
East Van Buren Street, Chicago, III. 


Film Slides—Free for periods not to exceed 


one week 
No. of 
Pictures 
Subject in Set 


#The Chemistry of Water 


Treatment 60 ° 


INTERNATIONAL HARVESTER COMPANY, 
606 South Michigan Avenue, Chicago, II. 
Lantern Slides—Free 

No. of 


Pictures 
in Set 


Subject 
#A Fertile Soil Means a Pros- 
perous People 
#Dairying 
#Weeds Mean Waste 
#Diversified Farming for the 


South 


50-60 
50-60 
50-60 


50-60 
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No. of 
Pictures 
in Set 
50-60 
50-60 


Subjecl 
#Development of Agriculture 
#Make the Garden Pay 


KEYSTONE VIEW Company, Meadville, 
Penna. 


Stereographs—Sale only—Approximate 


cost $19.71 
No. of 
Pictures 


Subject in Set 


Chemistry 81 


Glass Slides—Sale only—Approximate 
cost $36.45 


Chemistry 81 


The Keystone View Company also has 
slides on silk, asbestos, carborundum, 
cement, clay products, copper, fuel, glass, 
gold, iron and steel, lead, nickel, nitrate, 
iodine, petroleum, phosphate, precious 
stones, salt, silver, stone, sulfur, zinc, 
charcoal, and rubber. 


PORTLAND CEMENT ASSOCIATION, 33 West 
Grand Avenue, Chicago, III. 
Glass Slides—Free 
No. of 


Pictures 
Subject in Set 
The Manufacture of Portland 


Cement 50 


Society FOR VISUAL EDUCATION, INC: 
327 South LaSalle Street, Chicago, IIl. 


Film Slides—Sale only; approximate cost 
$3.00 per single film 

; No. of 
Pictures 
Subject in Set 


Story of Coal, Part I 103 
Story of Coal, Part II 74 
Story of Copper 89 
Story of Cotton Growing, PartI 71 
Story of Cotton Growing, Part 

II 83 
Iron and Steel 78 
Story of Marble 86 
Manufacture of Paper 
Petroleum and Gas 98 
Story of Salt 83 
Ice and Refrigeration 
Building Stone 


JANUARY, 1931 


No manual necessary as captions are on 
films. 


SPENCER LENS Company, 19 Doat Street, 
Buffalo, N. Y. 


Film Slides—Sale only—Approximate cost 


$3.00 each 

No. of 
Pictures 
in Set 


Subject 
#Brick 23 
#Building Stone 50 
#Coal—Anthracite 51 
#Coal—Bituminous 52 
#Concrete 22 
#Cotton Production 
#Cotton Manufacture 30 
#Dairying 61 
#Flax and Linen 48 
#Flour Milling 
#Glass 40 
#Gold 
#Irrigation 24 
#Iron 24 
#Lumbering 44 
#Marble 29 
#Paper 37 
#Petroleum 43 
#Pottery 25 
#Rubber 53 
#Salt 32 
#Silk—Japan 
#Silk—U. S. 26 
#Some By-Products of the Meat- 

Packing Industry 47 
#Steel 
#Sugar-Beet 36 
#Sugar-Cane 40 
#Sugar, Maple 20 
#Tile 
#Wool Production 2) 
#Wool Manufacture 33 


STILLFILM, INc., 1052 Cahuenga Avenue, 
Hollywood, Calif. 


Film Slides—Sale only—approximate cost 
$4.45 each. Special film slides 2!/, 
inches wide for detail when projected, 
and which require special projector 
equipment. 
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No. of 

Pictures 

Subject in Set 
When Gold Is Discovered 16 
Cane Sugar, Cuba and Java 12 
Hawaiian Sugar, Hawaii 12 
Coal tS 
Iron 15 
Leather—A 15 
Leather—B 15 
Paper Production 15 
Marble Production in Vermont 15 
Petroleum 15 
Petroleuam—A—Production 15 

Petroleum—B—Refining and 

Marketing 16 
Rubber 16 
Soap Making 42 
Tire Manufacturing—A 13 
Tire Manufacturing—B 15 

BUREAU OF VISUAL INSTRUCTION, Uni- 

versity of Kansas, Lawrence, Kansas 


Glass Slides—Rent: 
$0.50 


Approximate cost 


No. of 
Pictures 


Subject in Set 


History of Chemistry 58 


UNIVERSITY OF THE STATE OF NEW YORK, 
Albany, N. Y. 
Glass Slides—Free 
No. of 
Pictures 
Subject in Set 
Iron and Steel Industry 60 
Sugar: Cane, Beet, and Maple 52 
Ice: Natural and Artificial 21 
Salt 24 
Coal Mining 42 
Clay and Clay Products 60 
Forestry and Lumbering 75 
Forest Conservation 65 
Improvement of the Dairy Herd 56 


U. S. Bureau oF MINEs, Experiment 
Station, Pittsburgh, Pa. 
Glass Slides—Free 

No. of 
Pictures 
Subject in Set 

#Chemistry and Constitution of 
Coal 18 
#Anthracite Coal Mining 120 


#Same—Shorter version 44 
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U. S. DEPARTMENT OF AGRICULTURE, 


Washington, D. C. 
Film Strips—Sale only 


A pproxi- 
No. of mate 
Pictures Cost to 
Subject in Set Buyer 


Plant Propagation 49 .44 
Lime and Limestone 48 oo 
Production of Clean Milk 45 .30 


VisuAL TExT SALES Company, 1890 
Crenshaw Blvd., Los Angeles, Calif. 


Film Slides—Sale only—approximate cost 


$3.00 each 
No. of 
Pictures 
in Set 


Subject 

Air, Part I, Oxygen 57 
Air, Part II, Nitrogen and Car- 

bon Dioxide 60 
Air, Part III, Characteristics of 

the Air 61 


W. M. WELCH SCIENTIFIC ComPANy, 1516 
Orleans Street, Chicago, III. 


Glass Slides—Sale 
cost $0.85 each 


only—approximate 


No. of 
Pictures 
in Set 


Subject 
Introduction to Chemistry 8 
Oxygen 16 
Hydrogen 10 
Water 17 
Nitrogen ZI 
Elements of the Nitrogen Group 10 
The Halogens 9 
Carbon 28 
Flame and Liquid Fuels 12 
Atoms and Molecules 15 
Crystal Systems 7 
Chlorine 11 
Sodium and Potassium 
Sulfur and Sulfides 
Silicon and Boron 
Calcium 
Magnesium, Zinc, and Mercury 
Iron and Steel 
Copper 
Gold and Silver 
Aluminum and Compounds 
Tin and Lead 
Brick 
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No. of No. of 
Pictures Pictures 
Subject in Set Subject in Set 
Fertilizers 6 Rubber 10 
Glass 5 Salt 12 
Gas Mantles 4 Soap ( 
Paper 11 Sugar and Glucose 13 


Petroleum 3 


FILMS AVAILABLE FOR USE IN CHEMISTRY CLASSES 


In the December, 1930, number of the JouURNAL OF CHEMICAL EDUCATION 
appeared the fourth of a series of articles by the Committee on Visual 
Aids in Chemical Education of the Division of Chemical Education of 
the A. C. S. (pp. 2916-27). In the headings of the list of films (see page 
2919) the following abbreviations were used: Saf., Inf., 16, 35. The 
“Saf.” and “Inf.” refer to safety film and inflammable film, respectively. 
The “16” and “35” refer to mm. width of film. 

Users of the 16-mm. motion picture films will find a very useful book in 
the ‘Directory of Film Sources,’ which gives a complete list of places 


to ‘‘buy, rent, or borrow 16-mm. films.” This booklet will be furnished 
free by the Victor Animatograph Corporation, Davenport, Iowa. 


English Ride on Rubber Bricks. In some parts of Great Britain the streets are 
now paved with rubber bricks. In a report to the recent Sixth International Road 
Congress at Washington, a British delegation told of the success that rubber paving has 
had in London, Newcastle, Edinburgh, and Glasgow. 

The first experiments to substitute rubber for brick and asphalt were made in 
1913, it is stated. A rubber pavement in Glasgow, consisting of blocks of rubber 9 X 
41/. X 11/2 inches, was laid on a concrete base in 1923. ‘Traffic in Glasgow is some of 
the heaviest and most trying class,’”’ the report states. ‘‘The cap of one block came 
away from its tread in 1925, this is the only defect reported. The paving is in good con- 
dition and shows no apparent wear after six years’ use.”’ 

An installation in London was in New Bridge Street, which bears some of the city’s 
heaviest traffic, with 17,623 vehicles, or 51,100 tons between 8 a.m. and 8 P.M., in addi- 
tion to considerable night traffic. This was laid in 1926. ‘After two years of wear, 416 
blocks, or say four per cent were renewed, and now at the end of the third year approxi- 
mately another ten per cent have to be renewed,’’ the report states. ‘The defects are 
in the nature of blisters and the subsequent peeling off of thin layers of the cap where 
blisters appeared. The layers stripped off in no case extend the full surface of a block 
and are about one-fifth of an inch thick; the defects cause no inconvenience to traffic, 
but they collect dirt and are a blemish.” 

The paving costs about $22.00 a square yard, laid without foundation, it is stated.— 
Science Service 





CHEMISTRY LABORATORY FEES 


V. F. PAYNE AND LypA May SMILEY, TRANSYLVANIA COLLEGE, LEXINGTON, KENTUCKY 


The wisdom of special laboratory fees for the sciences is questioned. The 
practice of 319 public and private colleges and universities with respect to 
chemistry laboratory fee charges 1s considered. The various fees per course 
and per credit for the fundamental courses, general chemistry, qualitative 
analysis, organic chemistry, and physical chemistry are tabulated and sum- 
marized. The variety and range of fees are very great. No general and 
uniform philosophy of assigning chemistry fees and deposits is discernible. 


Our various systems of charges for science laboratory courses have 
grown up to fit local needs and in some accord with the previous experience 
of those in charge. Originally, the privilege of working in a laboratory 
had to be justified by the willingness on the part of the student to bear the 
expense involved. This idea was so firmly fixed that the coming of so-called 
free and public universities has not been completely able to make science 
laboratory courses free even to the same extent that other courses are 
free. 

Now that the sciences are a recognized part of the college curriculum, 
and a definite requirement in many instances, a higher charge for them may 
well be questioned. The undoubted contribution of the sciences to society 
may well justify any encouragement to their study offered by a student 
charge no higher than that for other courses. 

Some attention has been paid to the problem of general college and uni- 
versity fees, but special science laboratory fees have generally gone unques- 
tioned. One author (1) calls attention to the fact that in forty-four insti- 
tutions studied, thirteen general plans of charging laboratory fees in home 
economics were followed. The term fees ranged from $2.50 to $6.00; 
semester fees from $3.50 to $14.00 and fees per credit from $1.00 to $1.50 
plus a flat semester fee of $2.00. This writer concludes that a fee large 
enough to meet all the expense would keep students from electing the home 
economics course, and would make the teacher cut down on materials used 
in courses, hence lowering the educational value. Since all college cours¢s 
demand expense beyond the teacher’s salary and general upkeep, he recom- 
mends charging a uniform fee per credit, regardless of whether the course 
is laboratory or lecture, or a tuition fee to cover the expense of all courses. 
Either of these plans, he believes, would result in more students becoming 
interested in the home economics and particularly food courses. 

In a chapter on “‘Cost Studies” Reeves and Russell (2) call attention to 
the comparative effect of extra fees paid in science courses. In twenty-six 
departments of one college the average salary cost per student-credit-hour 
is $7.10 and the average current cost per student-credit-hour is $13,17, 
Table I is adapted from this study. 
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TABLE I 


Reduction in Current Cost per Student-Credit-Hour Due to Laboratory Fees Paid for 
Laboratory Sciences 


Current Cost 
Salary Cost Current Cost per Student- Fees Paid 
per Student- per Student- Credit-Hour per Student- 
Depariment Credit-Hour Credit-Hour Less Fees Credit-Hour 


Chemistry $ 6.18 $15.09 $12.88 
Biology 6.37 14.60 13.67 
Physics 11.42 21.08 20.22 
Geology 16.68 21.62 20.95 
Home Economics 17.52 25.29 24.69 
Agriculture 20.79 26.44 26.11 


Average All Courses 4540 13.17 


The first line of Table I should be read: in the chemistry department of 
this institution the salary cost per student-credit-hour is $6.18; the cur- 
rent cost less fees, $12.88, and fee paid per student-credit-hour is $2.21. 
It would seem difficult to justify a special fee in chemistry representing 14.6 
per cent of the current cost in comparison with a special fee representing 1.2 
per cent of the current cost in agriculture. This seems clearly a case of 
attempting to popularize an expensive course. The extra bookkeeping 
and office work involved in collecting the latter fee may absorb much of 
it, and illustrate still further the inconsistency of the practice. It may 
be seen that a large proportion of the cost of the more expensive courses 
is due to salary cost. This large salary cost will be involved in any de- 
partments with very small classes, science or otherwise. 

The catalogs of 319 public and private colleges and universities ranging 
in size from the largest to the smallest with a median size of 621 students 
furnished the data on chemistry laboratory fees here reported for the 
first time. The median general semester fee charged in these institutions 
is $75.00. A semester fee of $50.00 is charged by 12.6 per cent of the in- 
stitutions, $75.00 by 13.9 per cent, $100.00 by 11.3 per cent, $125.00 by 
9.2 per cent. The remainder charged general fees ranging from nothing 
to $325.00 per semester. Thirty-eight institutions, representing 11.9 
per cent of the 319 studied, charged no separate laboratory fees for chem- 
istry. 

Table II gives the chemistry laboratory fees per semester course for 
general chemistry, qualitative analysis, quantitative analysis, organic 
and physical chemistry. For example, this table shows that a fee of $5.00 
is the mode for general chemistry, qualitative analysis, and quantitative 
analysis, representing respectively 50, or 20.3 per cent of the cases; 45, 
or 18.6 per cent; 34, or 15.7 per cent for these courses. Twenty-one in- 
stitutions charge no fee and the same number charge a fee of $6.00 for 
physical chemistry. This same fee represents 33, or 14.1 per cent of the 
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cases in organic chemistry, while the mode for this course is a fee of $10.00 
represented by 37, or 15.7 per cent of the cases. The median fee charged 
in general and physical chemistry is $6.00, in qualitative and quantitative 


TABLE II 


Chemistry Laboratory Fees per Semester Course 
General Qualitative Quantitative Organic Physical 
Chemistry Analysis Analysis Chemistry Chemistry 
Per Per Per Per Per 
Cases Cent Cases Cent Cases Cent Cases Cent Cases Cent 
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analysis $7.00, and in organic chemistry $7.50. Because of incomplete 
data in the catalogs available, some of the institutions were not included 
in this table, but, of those represented 13.0 per cent charged no laboratory 
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TABLE III 


Laboratory Fees per Credit in Course 


General Qualitative Quantitative Organic Physical 
Chemistry Analysis Analysis Chemistry Chemistry 


Fee per Per Per Per Per Per 
Credit Cases Cent Cases Cent Cases Cent Cases Cent Cases Cent 
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TABLE II—Concluded 


General Qualitative Quantitative Organic Physical 
Chemistry Analysis Analysis Chemistry Chemistry 


Fees per Per Per Per Per Per 
Semester Cases Cent Cases Cent Cases Cent Cases Cent Cases Cent 


1 0.5 
1 0.5 
32 15.2 32 15.6 32 15.9 32 15.5 20 20.0 
212 205 201 207 100 
No Fee No Fee No Fee No Fee No Fee 
1.67 1.67 1.75 1.67 


fee in general chemistry, 13.2 per cent no fee in qualitative analysis, 14.7 
per cent no fee in quantitative analysis, 13.6 per cent no fee in organic 
chemistry and 18.2 per cent charged no laboratory fee in physical chemistry. 
The range of fees shown in the table is from nothing for a number of cases 
in all the courses to a fee of $35.00 for one course in organic chemistry. 

Table III gives, where the additional information was available, the 
chemistry laboratory fees per credit in the courses. For all of the courses 
here studied no fee is charged more frequently than any one fee per credit. 
The median fee per credit for general chemistry is $1.50; for qualitative 
and quantitative analysis and physical chemistry, $1.67; and for organic 
chemistry the median fee per credit is $1.75. The fees range from nothing 
to $11.67 per credit. 

Table IV shows the practice of 184 institutions with respect to change 
of fees with advanced courses. Fifty, or 27.2 per cent show a distinct 
increase of fees for advanced courses; only five, or 2.7 per ceni show a 
decrease; 107, or 58.1 per cent show no change and 22, or 12.0 per cent are 
irregular with respect to change of fees for advanced courses. As it would 
generally be conceded that the advanced courses are more expensive, a 
uniform fee for all courses is equivalent to placing a large proportion of the 
expense actually incurred upon the elementary students. This practice is 
justified by some on the basis of the general requirement of the elementary 
course for many students. 

TABLE IV 


Change of Fees with Advanced Courses 
Change Cases Per Cent 
Increase 50 27.2 
Decrease 5 ye 
No Change 107 58.1 
Irregular 22 12.0 
Total 184 100.0 


Table V gives for 114 institutions the chemistry breakage deposits 
charged. No attempt was made to include in the table the institutions 
that required no breakage deposit or merely charged for “materials used.” 





138 JOURNAL OF CHEMICAL EDUCATION JANUARY, 1931 


It did not seem possible, from a study of the catalogs, to list the institu- 
tions having a definite policy of requiring a renewal of the deposit when 
“materials used’”’ exceeded the amount of the original deposit. 


TABLE V 


Chemistry Breakage Deposits 
Deposit Number of Cases Per Cent 
$1.00 L 0.9 
1.50 1 0.9 
2.00 
2.50 
3.00 
3.75 
4.00 
5.00 
6.00 
7.50 
10.00 
14.00 
15.00 
20.00 
25.00 


Cases—114 
Mode—$5.00 
Median—$5.00 
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Summary 


The practice of the greatest number of institutions agreeing on any one 
procedure with respect to the charge of laboratory fees and deposits is 
to have a uniform fee for the fundamental courses, general chemistry, 
qualitative and quantitative analysis, organic, and physical chemistry. 
The most popular fee for this purpose is $5.00 per semester. The most 
generally required breakage deposit is $5.00. The median fee for general 
and physical chemistry is $6.00 per semester; for qualitative and quanti- 
tative analysis, $7.00; and for organic chemistry the median fee is $7.50 
per semester. 

If the chemistry laboratory fees are divided by the total credit per course, 
the number of institutions charging no fee exceed those charging any one 
fee per credit for all the courses. The most frequently charged fee per 
credit is $2.50 in all cases. The median fee per course credit is $1.50 for 
general chemistry; $1.67 for qualitative and quantitative analysis and 
physical chemistry; and $1.75 for organic chemistry. 

If the chemistry laboratory fees are divided by the credit earned in 
laboratory, the number of institutions charging no fee out-number the 
institutions charging any one fee in the general chemistry, quantitative 
analysis, organic, and physical chemistry. The most frequently charged 
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fee in qualitative analysis is $2.50 per laboratory credit. The median fee 
per laboratory credit is $3.34 for general chemistry; $2.50 for qualitative 
and quantitative analysis; $3.75 for organic chemistry, and $4.00 for physi- 


cal chemistry. 
TABLE VI 


Summary of Chemistry Laboratory Fees 
Quali- Quanti- 
General tative tative Organic Physical 
Chemistry Analysis Analysis Chemistry Chemistry 


Fee per Highest Fee $20.00 $25.00 $30.00 $35.00 $20.00 
Semester Mode 5.00 5.00 5.00 10.00 5.00 
Course Median 6.00 7.00 7.00 7.50 6.00 

Fee per Highest Fee 4.50 10.00 10.50 11.67 5.00 
Credit in Mode No fee No fee No fee No fee No fee 
Course Median 1.50 1.67 1.67 1.75 1.67 

Fee per Lab- Highest Fee 18.00 18.00 15.00 18.00 15.00 
oratory Mode No fee 2.50 No fee No fee No fee 
Credit Median 3.34 2.50 2.50 3.75 4.00 


Table VI summarizes the practice with respect to chemistry laboratory 
fees. The range in each case is from no fee to the highest fee as listed. 

The writers find no general and uniform philosophy of assigning chem- 
istry fees and deposits. Any recommendation appealing to us has been 


implied by Thurber (3) in the statements: 


There are a number of institutions that have made the commendable change of 
charging just one fee which they call a tuition or incidental or contingent fee, and include 
all their charges under this head... 

... Lhe library fee is one that might properly come within the general fee. . .and if 
we go so far, why should not charges for the laboratories be averaged over a period of 
years and a flat fee included in the tuition or fee charged in the different schools?. . .It 
appears perfectly reasonable that all students within a particular school or college should 
be charged a flat fee for the laboratory, and the laboratories will be there for them to 


use just as the library is. 
... The plan of stating a large number of different fees is to be deprecated... 
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Early Roman Glass Annealing Oven Found. Among the Roman remains found 
during excavation on the important site at Caistor St. Edmund’s, near Norwich, was 
an annealing oven for the manufacture of glassware, dating from the latter part of the 
Roman occupation of Britain. As evidence of the local manufacture of glass, it is a 
notable addition to the knowledge of Romano-British industries.— Chem. A ge 





AN ATOMIC MODEL CONTEST FOR HIGH-SCHOOL STUDENTS 


WALTER B. Dyk, WHITE’S PREPARATORY SCHOOL, BERKELEY, CALIFORNIA 


A method is presented of increasing the interest of high-school chemistry 
students in the study of atomic structure and the periodic system. The 
essential features of this method are: (1) the organization of a contest; (2) the 
building of a static atomic model; (3) the preparation and presentation of a 
paper in class describing the properties of the atom designed. The ideas for 
designing and building these atomic models came from the study of the subject 
matter in the newer works of high-school chemistry. 


It can safely be said that a fundamental knowledge of the periodic sys- 
tem and atomic structure is of the greatest aid to the young student of 
chemistry, be he of 
collegiate or high- 
school age. But how 
are we to impress the 
high-school _ student, 
for example, with this 
fact? Unless the 
teacher finds some 
stimulating method of 
presenting this knowl- 
edge and the principles 
involved therein, the 
study of the periodic 
system and atomic 
structure may become 
merely dull routine 
memory work. 

The writer of this 
article was faced with 
this problem in the 




















Ficure 1.—Cl Atom J : 

The seven outer electrons represented by seven outer teaching of high-school 

beads at corners painted red, eighth corner lower right stydents. After try- 
foreground is painted with aluminum paint. : : 

ing various methods, 

the suggestion for an atomic model contest was found in one of the newer 

works in high-school chemistry. The methods suggested for making atomic 

models were modified to meet our particular needs. 


Organizing the Contest 


The class consisted of twelve students. They were divided into six 
teams. Each team was to construct an atom or a molecule, and at the same 
time prepare a paper or talk on the element represented by his particular 
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model. The students thoroughly understood that the models were static 
and not designed to, represent a dynamic atom. Prizes were offered to 
the winning team. In our case paper weights, a ‘“Campanile”’ and ‘‘Golden 
Bear,” were appropriate because of proximity to the University of California. 


Instructions 


Each team was supplied with sufficient annealed steel wire No. 8 B. & 
S. gage approximately one-eighth inch in diameter to make the sides of 
a single shell atom, the dimensions of which were a five-inch cube. For 
an atom such as chlorine (Figure 1), the outside shell was a one-foot cube. 
Figure 2 represents a carbon dioxide molecule and a nitrogen atom. The 
corners were held by round wooden beads five-eighths inch in diameter. 
The laboratory vise held the beads, and the students used a one-eighth- 
inch bit for drilling the holes. The beads were purchased from a toy shop 
and were of the type used for “Tinker Toys.” An oval-shaped bead was 
used for the nucleus and the two electrons on either side of the nucleus 
were made by sawing an oval-shaped bead crosswise through the center. 
After the wire sides were made, and the holes drilled in the wooden beads, 
the model was set up by gluing the ends of the wires in the beads. The 
model was then painted. The helium nucleus was painted white and the 
number of excess protons was marked with ink. All electrons were painted 
red, and the rest of the model was painted aluminum. We found that less 
than two hours’ uninterrupted work by a team was necessary to construct 
a model, such as the lithium or beryllium atom. For such an atom, the 
cost of the wooden beads and the wire was approximately twenty-five cents. 


Judging the Contest 


Judges were selected from the university. One member of each team 
gave a brief talk of from five to seven minutes on his model and on the physi- 
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cal and chemical properties of the element which it represented. Vari- 
ous references were used in the preparation of these talks. As an introduc- 
tion a student gave a brief history of the periodic classification pointing 
out the periodic changes of the properties of the elements by means of 
a chart. An outline for a talk on the chlorine atom is given below: 


Name—Chlorine Heat of vaporization cal. per mole—5000 
Symbol—Cl Heat of fusion cal. per mole—1634 
Melting point— —101.6°C. Solubility in water moles Cl. per liter— 
Boiling point— —34.6°C. 0.090 (1 atm.) 
Color of gas—greenish yellow Analytical 
Atomic volume of solid ce.—23.52 Detection 
Atomic weight—35.46 Estimation 
Isotopes—35, 37 Gravimetrically 
Atomic number—17 Volumetrically 
Electrons in various quantum levels: Interesting Reactions 

1st—2 

2nd—8 

3rd—7 

Conclusion 


In the judging of the contest two points were taken into consideration: 
first, the technic used in constructing the model; second, the knowledge 
of the subject matter shown by the student in his talk. 
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Garlic Smelling Metal, Tellurium, Useful in Disease Treatment. If the patient 
can stand the smell of tellurium, which has an intense garlic odor, it may prove useful in 
the treatment of syphilis in cases that do not respond to more usual medication. 

Dr. A. D. Frazer, a health officer of the County Borough of Dudley, treated with 
tellurium or its salts, seven individuals who contracted the disease, most of them more 
than twenty years ago. Four cases out of the seven were favorably influenced by this 
new drug, though the standard cures were ineffective. Tellurium has the advantage 
over many other drugs in that it produces improvement when the disease is of long dura- 
tion and firmly entrenched and the patient becomes resistant to treatment. 

Since tellurium in the amounts given to patients is not poisonous, its only disad- 
vantage seems to be the offensive smell. In countries where the aroma of garlic is 
tolerated or even liked, tellurium will, according to Dr. Frazer, prove of great value — 
Science Service 





A BRIEF LESSON IN THE CHEMISTRY OF PIG IRON 


G. T. FRANKLIN, LANE TECHNICAL HIGH SCHOOL, CHICAGO, ILLINOIS 


It is doubtless the concern of many teachers of general chemistry how to 
attack the problem of iron and steel. To neglect the problem means a chance 
lost to review numerous chemical principles and an opportunity wasted to 
put into use knowledge previously studied. To organize the material suitable 
to the purpose has been the writer’s difficulty. The school texts are of necessity 
limited in their discussions. Most of the technical works are too difficult 
for the beginner and the popular ones tend to submerge the chemistry in details 
of construction, etc. The paper represents an effort to put into brief space the 
work of considerable reading, observation of factories, and several years of 
experience in attempting to teach the topic to boys in a technical high school. 


The blast furnace used in the manufacture of pig iron is not a total 
stranger to many people. The numerous chemical reactions involved in 
the process are not generally known and much less understood. A com- 
prehensive grasp of the essentials of the subject may be had by keeping 
in mind clearly the materials involved and the final products obtained. 
Numerous applications of a few principles of elementary chemistry are 
essential. It is common knowledge that pig iron contains such elements as 
iron, carbon, silicon, sulfur, phosphorus, and manganese. From the out- 
lines in Figure 1 it is noted that the iron comes from the iron ore and un- 
avoidably from the same source come silicon, phosphorus, and manganese. 
The sulfur comes from the coke. One might guess that some of the sulfur 
might come from the ore and some of the phosphorus from the limestone. 
Diligent search of the literature failed to find any authority for such state- 
ments. 

No free elementary solid substances are introduced into the blast furnace 
except the carbon of the coke. The fact that elements exist in the furnace 
indicates a reducing action. The chief reducing agent is carbon monoxide. 
In Figure 1 is shown a series of chemical reactions, beginning near the top 
of the stock line and terminating in the zone of fusion. The list inciudes 
some of the most important; it is by no means complete. Some reactions 
oppose others. Of course it is important to provide the conditions to 
carry forward to an end reactions for the production of free iron and repress 
those which tend toward the reoxidation of the iron when formed. At some 
particular temperature and concentration, these reactions are all equi- 
librium reactions. As these factors change some of the reactions are re- 
pressed and others carried toanend. The reactions may be compared with 
those involving the preparation of a volatile acid. At room temperatures 
the reaction rapidly comes to equilibrium. The addition of heat carries 
forward the reactions to an end. 

The purpose of the limestone is to furnish material which forms a fusible 
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mixture of substances insoluble in molten pig iron. Calcium carbonate 
decomposes to form infusible calcium oxide. The calcium oxide reacts 
with acid oxides to form fusible salts which act as solvents of other sub- 
stances. Thus the slag includes the silicates, phosphates, and most of 
the sulfides. The metals that are set free are found in the pig iron. This 
does not necessarily mean that these elements are in the free form in the 


LIMESTONE 
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congue 
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(1) 2Fe,0; + 8CO-7CO, + 4Fe + C 
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(8) CaO + Al,O; + SiO.—Slag 1900° 
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FIGURE 1 


pig iron. The presence in the pig iron of phosphides and silicides means 
that phosphorus and silicon were set free in the furnace and then recom- 
bined. The outline in Figure 1 gives substances that may be found in pig 
iron. They may not all be present in any one sample. 

Sulfur exists in soft coal as FeS,. In coking about half of the sulfur is 
lost. In the upper part of the furnace the sulfur is all converted into 
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FeS (Figure 2). The FeS would pass into the pig iron if it were not for 
two powerful reducing actions, that of carbon shown in equation 9, Figure 
1, and manganese shown in Figure 2. Manganese sulfide distributes itself 
between slag and pig iron, the larger percentage in the slag. The route 
of the manganese is shown in Figure 3. Aluminum and calcium are un- 
reduced and pass out with the slag. Some of the phosphorus is reduced in 
the zone of fusion (equation 12, Figure 1) and is dissolved by the pig iron 
as phosphide of manganese or 
iron or as eutectic. A basic 
furnace tends to decrease the 
sulfur in pig iron but increases 
the phosphorus and manga- 
nese. Why? An acid furnace 
increases the sulfur in pig iron 
and causes much of the manga- 
nese to dissolve in the slag as 
manganese silicate. Why? 
High temperatures tend to de- 
crease the sulfur in pig iron 
but increase the silicon and 
phosphorus. Why? 

Many important details, not 
discussed so far, are suggested 
in the questions to follow. 
To answer the questions stand- 
ard works should be con- 
sulted. A thorough review of 
many chemistry principles will 
doubtless be necessary in many 
cases. Outlines and diagrams 
included in Figures 1, 2, and 
3 areintended tohelp. Many 
statements are made in tech- 
nical works as facts to be 
remembered that are easily deduced from well-known chemical principles. 


FIGURE - 


Questions 


What solid materials are used in the blast furnace? What gaseous sub- 
stance is introduced into the blast furnace? What liquid substances are 
taken from the furnace? What gaseous substance is obtained from the 
furnace? 

List the metals that enter the blast furnace in the combined form in the 
order of their activity. Which of the metals would be most likely to be 
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reduced? If phosphorus and silicon were set free where would they be 
found, in the slag or the pig iron? Review methods for the commercial 
preparation of silicon and phosphorus and compare the conditions with 
those existing in the blast furnace. Do the conditions in the furnace war- 
rant a guess that silicon and phosphorus would be reduced? Is it pos- 
sible that a small portion of these elements might be reduced? 

Review the chemistry involved in the manufacture of ordinary window 
glass. How do the conditions as to temperature and materials in the 
blast furnace compare with those of the furnace used in the manufacture 
of ordinary window glass? What is an acidic oxide? What is a basic 
oxide? What class of com- 
pounds is formed by reaction 
between a basic and an acidic 
oxide? Do sulfides of manga- 
nese and calcium dissolve in 
the slag or the pig iron? Would 
you expect free manganese to 
exist in the presence of iron 
compounds? Would you expect 
slag or pig iron to dissolve iron 


(m) sulfide? Under what conditions 
would iron sulfide exist in pig 


Mine 


Iron Ore 





iron? 

Are conditions favorable to 
the formation of free manga- 
nese in the blast furnace? If 
the element were set free, would 
it dissolve in the slag or the pig 
iron? 

Review the methods used in 
the manufacture of producer 
and water gases and apply the 
principles to the reactions that take place when air is introduced into a 
blast furnace. Do the substances obtained from the furnace as gas corro- 
borate your mental analysis? 

Does a mixture of water and chloroform separate into layers because 
they are not of the same density, or because they are not miscible? Why 
do slag and pig iron in the molten condition separate into layers? Some 
potassium iodide solution is mixed with chloroform and shaken. What 
happens after a time? Now suppose a crystal of iodine is added to the mix- 
ture and shaken, where does the iodine go? Where would most of the 
iodine go, if chloroform and pure water were used? Suppose some salt 
crystals were shaken in a mixture of chloroform and pure water, where 


FIGuRE 3 
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would the salt go? Try to get a mental picture of the zone of fusion of 
the blast furnace, containing two immiscible solvents and a number of 
solutes. Apply the old saying “like dissolves like’ and trace the route of 
each element through the furnace. 

Review the methods used in the preparation of the carbides of calcium 
and silicon. Could other carbides be prepared in this way? Are condi- 
tions in the blast furnace favorable to the formation of metallic carbides? 
Suppose a sample of pig iron were dissolved in nitric acid and no carbon 
remained, how would you explain it? If carbon remained from the nitric 
acid solution, what allotropic form would be expected? How would you 
explain the odor of phosphine often obtained from this reaction? How 
would you explain the odor of hydrocarbons from the reaction? 

Remembering that when a compound is decomposed energy equivalent 
to the heat of formation is absorbed, from a table of heats of formation 
determine which of the equations in Figure 1 are endothermic and which 
exothermic. (Suggestion: Write the equations in the following form and 
observe whether energy absorbed is greater or less than energy liberated— 


FeO + CO —> Fe + CO, 


(65,700 c. + 29,000 c.) 97,000 c. 
(absorbed) (liberated). 


It is readily seen from this equation that the energy absorbed is slightly 
less than energy liberated and consequently the reaction is exothermic.) 
Would it be desirable to use dry air in the furnace? 

Why is it necessary for blast furnace gas to contain approximately 25% 
carbon monoxide? 

Of three iron ores, hematite, limonite, and magnetite, which is most valu- 
able for pig iron manufacture if each contained the same percentage of 
iron compound? 

References 


The following works were consulted and the facts used in this paper were taken from 
them: 
1. Austin, “Metallurgy of Common Metals,’ 6th edition, John Wiley & Sons, 
Inc., New York City, 1926. 
2. Boy.sron, “Iron and Steel,’’ John Wiley & Sons, Inc., New York City, 1928. 
3. Bray, “The Principles of Metallurgy,’’ Ginn & Co., Boston, Mass., 1926, 
chap. 15. 
4. CAMPBELL, ‘‘The Manufacture and Properties of Iron and Steel,” 4th edition, 
McGraw-Hill Book Co., Inc., New York City, 1907. 
5. Haywarp, “Outline of Metallurgical Practice,” D. Van Nostrand Co., 
New York City, 1929, chap. 22. 
6. Howe, ‘The Metallurgy of Steel and Cast Iron,” McGraw-Hill Book Co., 
New York City, 1916. 
7. Hupson and BENGouGH, “Iron and Steel,’’ D. Van Nostrand Co., New York 
City, 1916, chap. 2, p. 11. 








JOURNAL OF CHEMICAL EDUCATION January, 1931 


Porter, “A B C of Iron and Steel,” 5th edition, Penton Publishing Co., 
Cleveland, Ohio, 1925, chap. 7, p. 77. 

Rocers, ‘‘Manual of Industrial Chemistry,’ 4th edition, volume 1, D. Van 
Nostrand Co., New York City, 1926, chap. 18. 

SAUVEuvR, ‘‘The Metallurgy and Heat Treatment of Iron and Steel,” 3rd edi- 
tion, McGraw-Hill Book Co., Inc., New York City, 1926, chap. 22. 

SPRING, ‘‘Non-Technical Chats on Iron and Steel,’’ Frederick A. Stokes Co., 
New York City, 1917, chap. 4, p. 52. 

StroucuTon, “The Metallurgy of Iron and Steel,’’ 2nd edition, McGraw-Hill 
Book Co., Inc., New York City, 1911, chap. 1. 

STOUGHTON and Butts, ‘‘Engineering Metallurgy,’’ McGraw-Hill Book Co., 
Inc., New York City, 1926. 

TuorpPE, ‘‘Industrial Chemistry,’’ 3rd edition, The Macmillan Co., New 
York City, 1916, p. 601. 

“Encyclopaedia Britannica,’ 14th edition, Encyclopaedia Brittanica, Inc., 
New York City, volume 12, 1929. 

“New International Encyclopaedia,” Dodd Mead and Co., New York City, 
volume 12, 1923. 


Aluminum Crane. Six unusual overhead traveling cranes have recently been built 
by the Northern Engineering Works, Detroit, Mich., for the U. S. Aluminum Co. for 
use in its new sheet rolling mills at Alcoa, Tenn. The unusual feature of these cranes 
is that each entire unit is made from aluminum alloy rolled structural sections and 
aluminum alloy castings. The crane illustrated has a capacity of 10 tons, the bridge 
space is 76 ft. 6 in. between truck wheels, and the hoisting hook has a height lift of 25 
ft. The hoist operates at a full load speed of 50 ft. per minute, the bridge 400 ft. per 
minute, and the trolley 150 ft. per minute. The total net weight of the crane is 30,000 
pounds, compared to 77,100 pounds for the same size equipment if built of steel — News 
Ed., Ind. Eng. Chem., 8, 16 (Oct. 10, 1930) 


Unique Office of Nirosta Steel. An office, decorated and fitted throughout in the 
same metal that gleams from the tower of the lofty Chrysler Building, has been added 
to New York’s list of novelties. 

This office, located on the twenty-sixth floor of the New York Central Building, is 
creating something of a sensation among those interested in the possibilities of the new 
alloy. Ina display room is an exhibit of products produced from Nirosta steel ranging 
from a coil of wire having a diameter of less than half that of a human hair, to a huge 
chemical tank capable of handling boiling acids without material deterioration. 

The room itself is paneled with Nirosta sheets that have been ground to a satin 
finish around the borders with a raised polished center. The decorative design has 
been etched into the metal and the furniture and exhibits include examples of this alloy 
in cast, rolled, drawn, spun, welded, wire, etched, and riveted form. 

The product today has found its way into leading industries. A large tonnage has 
been used in the oil industry. Some of the other industries using it which are repre- 
sented in the exhibits are the automotive, chemical, paper, architectural, food, marine, 
and aviation. 

There are 48 American steel manufacturers of prominence now licensed to produce 
this material. The office and display room is maintained for these licensees by the 
Krupp Nirosta Co., Inc.— News Ed., Ind. Eng. Chem., 8, 12 (Sept. 10, 1930) 





CRYSTALLIZATION 


H. R. FISHER, SUNBURY H1GH SCHOOL, SUNBURY, OHIO 


Crystallization and the change of substances from liquids to solids 
can be illustrated in a most interesting and rather spectacular way by the 
use of an ordinary projection lantern and a microscope slide projector. 
It is possible to actually see the various crystal formations slowly take 
shape. It is really a ‘motion’ picture but there is no film—only a plain 
microscope slide, but it has never failed to arouse the keenest interest. 

The equipment used for the demonstration was a Bausch and Lomb 
projection lantern and a slide projector made by the same company. 
A microscope slide was heated until it was almost uncomfortable to hold 


Two PHOTOMICROGRAPHS OF ACETAMIDE CRYSTALS 


and then on it was poured a small quantity of melted acetamide which was 
spread over the slide in a very thin layer. This was inserted in the slide 
holder of the projector. As the slide cooled the freezing point of the acet- 
amide was reached and crystals formed on the slide. 

The interesting part of the whole demonstration is when there suddenly 
appears on the clear screen a spear-like shaft moving from one side only 
to be met by another and another from all directions until the screen 
has more the appearance of a picture of a dense forest of palms or a window 
covered with gigantic frost crystals. 

Crystals of a different type can be shown by using a supersaturated 
solution of salicylic acid and allowing it to cool to its crystallization point 
on the slide. 


Will the College Athlete Succeed in Business? Achievement on the baseball 
diamond of college as well as success in the classroom is an important index of how a 
man will succeed in business, Donald S. Bridgeman, of the American Telephone and 
Telegraph Company, has reported to the Personnel Research Federation.—Science 
Service 
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A MODIFICATION OF THE STANDARD HIGH-SCHOOL EXPERI- 
MENT ON THE DESTRUCTIVE DISTILLATION OF SOFT COAL 


GustTAV L. FLETCHER AND IRVING FINE, JAMES MONROE HIGH SCHOOL, NEw YorkK City 


A method is suggested whereby the presence of ammonia in coal gas may 
be successfully detected. Lime is introduced into the coal-tar collector. 


In order to detect ammonia as one of the by-products formed during the 
destructive distillation of soft coal, most laboratory manuals direct the 
student to place a piece of wet 
litmus paper over the mouth of 
the jet tube. The authors have 
found that this procedure invari- 
ably results in failure in that the 
litmus paper always turns red in- 
stead of blue. 

At the James Monroe High 
School, the following method, which 
will be recognized as a variation of 
the customary commercial practice, 
has been used with high success. 

The student is first directed to 
heat the bituminous coal in the 
standard apparatus (Figure 1) and 
to note the fact that tar and a 
combustible gas are formed. He 
we. is then told to put about ten grams 

of quicklime (or slaked lime) into 
the coal-tar collector and to con- 
a tinue heating. At this point, a 
FIGURE 2 piece of wet litmus paper is held in 
the path of the gas issuing from the 
: = jet tube and the student finds that 
the red litmus paper turns blue, 
indicating the presence of ammonia. 
Seta The student will also find that the 
combustible property of the coal 
gas has not been materially reduced 
=) Hs0. by the absorption of the acids by 
the lime. 

The aforementioned procedure 
may be varied by using one of the following plans: (a) instead of merely 
using one test tube to collect the coal tar, two test tubes may be connected 
in series (Figure 2); the first test tube will collect the coal tar and the 
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second, containing lime, will collect the acidic vapors of carbon dioxide and 
hydrogen sulfide. (0) Instead of lime, sulfuric acid may be used in the 
second test tube (Figure 3). The acid, of course, will combine with the 
ammonia, which later can be driven off by heating with lime. 

The presence of ammonia in coal gas can thus be very satisfactorily 


demonstrated. 


Shelled Nuts Often Form Soap Deposits in Glass Containers. The mystery of the 
frostlike deposit frequently seen on the inside of glass jars containing shelled pecans, 
or other nuts, has been solved by E. K. Nelson and H. H. Mottern, Bureau of Chemistry 
and Soils. The deposit is soap, these chemists say, and it is formed by the action of the 
acid fat of the nuts on the alkali of the glass. It causes a financial loss in the sale of the 
product. 

The unexplained presence of the soapy deposit has long been a source of annoyance 
to packers of shelled nuts and to some housewives in the South who put up shelled 
pecans in glass jars when the nuts are plentiful and inexpensive. Although the soap 
does not impair the quality of the nuts, it presents an unsightly appearance and reacts 
against the sale of the product. 

When the problem was presented to the chemists for solution, their first thought 
was that the jars might have been washed with an alkaline cleaner and that some of the 
alkali remaining on the glass had come in contact with the acid fat of the nuts and pro- 
duced the chemical change common in soap manufacture. Study proved this theory 
incorrect, however. — 

Further investigation showed that shelled nuts packed in ordinary glass containers 
formed the white deposit, whereas nuts put up in hard-glass containers at the same time 
and under the same conditions formed no deposit. It was concluded, therefore, that 
the soap was formed by the action of the nut fat on the glass.— The Official Record 


Some Bacteria Breathe Hydrogen, Not Oxygen. Bacteria that find oxygen, the 
very breath of life to most organisms, to be a rank poison and that breathe hydrogen 
instead, have had their physiological secrets investigated by Prof. J. W. McLeod of the 
University of Leeds school of medicine. Prof. McLeod presented his findings at the 
Fifth International Botanical Congress, recently held at Cambridge, England. 

Plants and animals take up oxygen simply as the readiest means of obtaining 
energy from food substances. These bacteria, which prefer places where there is little 
or no air, are able to get their needed energy by a different process. They detach 
hydrogen from certain complex organic compounds, and the breaking apart of these 
molecules releases energy. 

Oxygen is inimical to this process. If the newly released hydrogen comes into 
contact with oxygen the two elements unite to form hydrogen peroxide. Bacteria that 
can live in the presence of a very little air can tolerate a certain low concentration of 
hydrogen peroxide, but those that demand surroundings where there is no oxygen at 
all apparently find themselves paralyzed if hydrogen peroxide is generated even in small 
quantities. 

A curious fact about these oxygen-hating bacteria is that they are quite lacking in 
one of the enzymes or organic ferments, catalase. This particular enzyme was once 
thought to be absolutely indispensable to any kind of life.—Science Service 





MORE EFFECTIVE INDIVIDUAL LABORATORY INSTRUCTION IN 
GENERAL INORGANIC CHEMISTRY. II. AN EXPERIMENT 
ON MOLECULAR WEIGHTS* 


W. E. Brant, THE STATE COLLEGE OF WASHINGTON, PULLMAN, WASHINGTON 


An experiment on molecular weights, designed for use in a system of in- 
struction recently developed at the University of Cincinnati, 1s described. 
This permits unusually efficient individual instruction of students with vary- 
ing previous chemical experience. 

Outstanding phases of the method, which are illustrated by this experiment, 
include the application of required reference work in the laboratory, emphasis 
on the relationship between experimental and theoretical chemistry, the de- 
velopment of an interest in chemistry by means of semi-popular references, 
and increased instructional time for the laboratory assistants, with full in- 
structional time for the instructor. The experiment 1s definitely of a college 
caliber and 1s designed to develop in the student correct habits of study and 
originality of thought. 


The author has developed a method** for teaching general inorganic 
chemistry laboratory which permits more effective individual laboratory 
instruction, and which remedies some of the weaknesses frequently found 
in beginning chemistry laboratory courses. The general phases of this 
method have been previously described (1). The purpose of this paper 
is to present, by means of specific illustrations taken from a typical experi- 
ment, this method for securing more efficient laboratory instruction. 

A series of experiments has been chosen with an inclination toward 
more difficult and more quantitative requirements than are frequently 
found in general chemistry laboratory courses. Wherever possible, ac- 
curate methods are employed, the originality of the student is encouraged, 
and the task is designed to challenge the ability of the student. Very 
frequently the use of a known in a given procedure is followed by the use 
of an unknown, thus evaluating the laboratory technic of the student. 
All notes are written in the laboratory when the data are first obtained. 

An experiment on molecular weights, designed to fulfil these require- 
ments, is briefly considered below: 


Object 


A consideration of available methods and the development of a suitable 
apparatus and procedure for the determination of molecular weight. 
It should be noted that the object is not the obtaining of a value identi- 
cal with the correct value, but that it is a study of methods and the im- 
* Presented before the American Chemical Society Division of the sectional meeting 
of the A. A. A. S. held at Eugene, Oregon, June 18-21, 1930. 
** This paper is based upon methods developed and used in The Department of 
Chemistry of the Liberal Arts College of the University of Cincinnati. 
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provement of these methods by the student. In no part of the experi- 
ment does the student receive the impression that his results will be even 
approximately correct. When a known substance is being investigated 
the student is cautioned that he is being judged mainly on his laboratory 
technic and on the originality and efficiency of his procedure. 


Topics Covered 


Molecular weights by vapor-density method. Avogadro’s hypothesis. Ab- 
sorption of vapor. Weighing of vapor. Gram-molecular volume. Dis- 
iinction between atoms and molecules. Molecular weight and vapor pressure. 
Molecular weight of dissolved substances. Molecular weight by steam dis- 
tillation. 

The purpose of these quite general topics is to enable the student to 
study in the ‘Required References’ (2) the main points of the experi- 
ment. The student is urged to acquaint himself with the general nature 
of each of the above topics before proceeding with the experimental work. 
All students (both with and without previous chemical experience) are 
expected to have mastered these topics during this experiment. 


Required References 


The ‘Required References” is merely a list of books (2) which were 
easily available at the time they were needed and does not pretend to be 
an ideal list of references. Students who have had no previous chemistry 
are expected to study references 1, 2, and 3. Students with previous 
chemical experience are expected to acquaint themselves with the ma- 
terial of the body of the experiment and of the ‘‘Study Topics’ (see page 
156) by means of these references. They will normally study all or parts 
of 1-3, 5-8, and 9. 

Since several of the references are advanced texts, the student is very 
readily relieved of the impression that he is repeating a high-school course. 
All quiz questions are based on topics occurring in the body of the experi- 
ment and in the first three references. Consequently the use of the more 
advanced references by students makes possible as thorough a study of ' 
these topics as the student’s previous chemical experience and ability per- 
mits. On the other hand, students with no previous chemical experience 
may receive a maximum mark by a careful study of the first three references 
and of the experimental work. This situation counteracts very well the 
difficulties common to classes composed of students with varying pre- 
vious chemical experience. 

These reference books were kept on a table in the laboratory. In a 
section of seventy students, a continually changing group of from five to 
ten students would be found at the table at any one time. A student 
seldom spent more than ten minutes there at one time but he would usually 
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return two or three times in a three-hour laboratory period. It is the 
author’s opinion that the use of these references, coupled with the use of 
more difficult tasks, is the most valuable part of this method. It has more 
than fulfilled expectations. 


Optional References 


As has been previously explained (1), the ‘Optional References’ (3) 
have no direct connection with the experiment. They are intended to 
present to the student the more interesting phases of chemistry. The 
student may choose two references which are to him the most interesting 
and there is no examination over the subject matter of these books. Most 
students do not study, but read and enjoy two complete books during the 
year. The author has observed that students who consistently read 
the ‘Optional References” frequently answer examination questions with 
material from these sources. Further, although no grades are based on 
“Optional References,’ these students are usually the ones who receive 
the maximum mark for the course. After completion of the year’s work 
many students have voluntarily made favorable comments regarding 
this requirement. 


Apparatus and Materials 


These include suggested lists of supplies which the students will use 
during the experiment. 


Experimental Details 


1. Molecular Weight by Vapor-Density Method.—Students who 
work in pairs on the determination of molecular weights by the vapor- 
density method are first referred to ‘“Required References” (2) 1, 2, and 
3, and to special paragraphs in 5, 6, and 7. An elementary explanation 
of the theory is given in the body of the experiment, with some suggested 
methods for absorbing various vapors. The assigned task is two-fold: 
first, to develop and use an apparatus and procedure for the determi- 
nation of vapor density and molecular weight of the assigned vapor; and, 
second, after a consideration of the results obtained by this method, to 
devise and install improvements, redetermine the vapor density and re- 
calculate the molecular weight. All results are reported to the Record 
Assistant (see “Instructions to Record Assistant’’ below) with suggestions 
for further improvements and theories explaining any erroneous results. 

This task has been very successful in arousing interest and originality in 
the student. Variations of the methods devised by Evans, e¢ al., have 
given very satisfactory results with water. Other vapors such as hydro- 
gen chloride, carbon dioxide, and sulfur dioxide may be adapted to the 
same general methods. 
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It is impressed upon the student that his apparatus and procedure are 
considered of more importance in the calculation of grades than are the 
values obtained for the molecular weight of the vapor being investigated. 
These results are usually sufficiently accurate to impress the student 
with the idea that if his method were more accurate the results would 
have been correct. Because of this situation many interesting varia- 
tions are introduced on the second attempt. Students uniformly be- 
come very enthusiastic about this phase of the experiment. All notes 
are written in the laboratory and are turned in to the Record Assistant 
without recopying. 

2. Molecular Weight by Freezing-Point Method.—Students are 
referred to special paragraphs in ‘Required References” (2) 1, 5, 6, 7, 
and 8, and are instructed to devise a suitable apparatus from available 
materials and to develop a suitable procedure for the determination of 
the molecular weight of a known substance by this method. If available, 
thermometers graduated to one-fifth of one degree are used, but the 
ordinary 150°C. thermometer, graduated in degrees, is sufficiently ac- 
curate, particularly if higher concentrations of substances with low mo- 
lecular weight are used in solvents exhibiting large molal depression values, 
as does benzene. A very satisfactory apparatus can be assembled from 
this thermometer, a 1500-cc. beaker and a large and small test tube with 
suitable stirrers and stoppers. Results obtained using such an apparatus 
for the determination of the molecular weight of naphthalene in benzene 
have been quite satisfactory. After the student has established the ac- 
curacy of his method he is given an unknown solute and asked to deter- 
mine and to report its molecular weight. Occasionally, students have 
become so interested that, without suggestion from the instructors, they 
have asked permission to investigate the dissociation of electrolytes in 
water by this method. 

3. Molecular Weight by Steam-Distillation Method.—Students are 
referred to pertinent paragraphs in ‘‘Required References’ (2) 1, 7, 8, 
and 9. An elementary discussion of the relation between vapor pressure 
and molecular weight is included in the body of the experiment with 
some suggestions regarding the apparatus. Substances such as nitro- 
benzene, aniline, and toluene have been used with fairly satisfactory re- 
sults. Students usually institute variations in the method which improve 
the accuracy of the determination and are graded on the value of these 
innovations as well as on the experimental results. 

4. Molecular Weight of an Unknown.—An unknown substance is 
issued to the student who determines its properties, chooses the most 
desirable method, then determines and reports molecular weight of the 
unknown to the record assistant. The student is graded upon the ac- 
curacy of the reported result. 
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Exercises 


These consist of twenty incomplete equations and ten problems, most 
of which pertain to the topics being studied. These are performed out- 
side of laboratory hours and, with occasional review assignments and the 
optional references, consist of the only outside requirement in connec- 
tion with the laboratory course. 


Study Topics 


Gay-Lussac’s law. 16. Vapor tensions of solutions, 
Avogadro’s hypothesis. 17. Ideal solutions. 

Gram-molecular volume. 18. Elevation of boiling point in solutions. 
Gram-molecular weight. 19. Depression of freezing point in solu- 


Molecular weight from vapor density. tions. 

Atomic weights. 20. Law of partition. 

Equivalent weights. 21. Immiscible solvents. 

Dulong and Petit’s law. 22. Absorbing agents. 

Atoms vs. molecules. 23. Dehydrating agents. 

Work of Canizzaro. 24. Molar weights. 

Molecular formulas. 25. Cryoscopic method for molecular 


Interactions between gases. weights. 
Dissociation. 26. Abnormal molecular weights. 


Association. 27. Steam distillation. 

Solutions. 28. Horizontal condensers. 

Raoult’s law. 29. Molecular weights by steam distilla- 
tion. 


These ‘“‘Study Topics” are purposely not in the form of questions. They 
are designed to present to the student a review outline for the whole 
experiment, which in this case represents from fifteen to eighteen labora- 
tory hours. This is an elastic assignment because students with no pre- 
vious chemistry will review only from the body of the experiment and the 
first three ‘“Required References,’’ while the student with previous chemi- 
cal experience will study the same topics in the more advanced references. 
This phase of the method has proved very valuable in correlating the lec- 
ture and laboratory courses. Conscientious students use the ‘Study 
Topics” as a guide in their study. By this means proper emphasis can 
be placed on the important theoretical phases of a subject which are so 
often overlooked in a laboratory course. 


Quiz 
The quiz, which is given as a written examination, consists of from five 
to ten questions. It is based on the “Topics Covered,” the ‘Study 
Topics,” on the material found in the body of the experiment, and on the 
“Exercises.” All questions are definitely answered in these sources and 
in the first three ‘“Required References.” Consequently, a capable and 
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onscientious student without previous chemical experience very frequently 
attains the maximum grade. 


Instructions to Record Assistant 


Materials Needed on Table.—Required references. Record forms. 
Slide rule. Materials for generation of unknown vapors and materials 
‘or unknowns in freezing-point method and steam-distillation method. 

Records to Be Kept: 

Grade (% X 8) on notes. 
Grade (%) on problems. 

Grade (%) on equations. 

Grade (% X 5) on written quiz. 


Record of vapor assigned for V. D. M. 
Grade (% X 2) on apparatus and procedure for Vapor-Density Method (from 


Floor Assistant). 

Reported molecular weight obtained from data recorded in notes on V. D. M. 

Grade (%) on reported molecular weight from V. D. M. 

Grade (%) on ‘‘time-temperature’’ curves in notes. 

Record of unknown substance issued for use in Freezing-Point Method (F. P. M.). 
11. Grade (%) on apparatus and procedure for F. P. M. (from Floor Assistant). 
12. Reported molecular weight obtained from data recorded in notes on F. P. M. 
13. Grade (%) on reported molecular weight from F. P. M. 
14. Record of substance issued for use in Steam-Distillation Method (S. D. M.). 
15. Reported molecular weight obtained from data recorded in notes on S. D. M. 
16. Grade (%) on reported molecular weight from S. D. M. 
17. Record of unknown substance issued for molecular-weight determination. 


18. Reported molecular weight of unknown substance. 
19. Grade (% X 2) on reported molecular weight of unknown. 
20. Grade (%) on condition of desk at end of laboratory period (one day). 

The author has found it advantageous to include in the manual written 
instructions to the Record Assistant. By means of this an assistant 
instructor’s duties are clearly defined. He has a better opportunity to 
coéperate with the plans of the instructor and is not dependent on daily 
oral consultation with the instructor regarding routine or semi-routine 
matters. The student is graded on twelve points and these are so weighted 
that a total of 2000 per cent points are possible. The quiz is given a value 
approximately equal to one-fourth, and the notes a value of one-sixth, 
of the total possible grade. The notes are graded on organization, on the 
inclusion of al] quantitative data (such as records of weights, temperature 
readings, etc.), theoretical discussions, and on neatness. Notes are ini- 
tialed daily by the ‘Floor Assistants.’’ By this means it can be established 
that the notes were written in the laboratory. Notes recopied outside 
of the laboratory hours are not accepted. 


Merits of Procedure Outlined 


It will be noted that in this experiment the emphasis has been placed 
upon the development of the student’s originality. The tasks necessi- 
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tate considerable thought on the part of the student, the development 
of an apparatus in which he becomes quite interested, and leaves him with 
the impression that he has accomplished a difficult task. Since the refer 
ences include such books as the texts by Chapin, Getman, and Findlay, 
the development of the theory connected with the determination of mo- 
lecular weights is available to the student. The better students insist on 
understanding this material. Consequently, the “Floor Assistants” 
(whose chief duty is instruction) are usually occupied in explaining difficult 
points instead of devoting their time to obvious answers for thoughtless 
students. The student asking unnecessary questions is uniformly referred 
to the references for an answer. 

Although this method of laboratory instruction still contains weak- 
nesses, it permits efficient individual instruction of students with varying 
previous chemical experience in the same laboratory section. It elimi- 
nates the tendency to leave early or to loiter about the laboratory after 
the completion of a short daily task. It divides the course into the major 
divisions of the subject. It emphasizes the relationship between experi- 
mental and theoretical chemistry. It substitutes for the daily quiz a 
more efficient, more comprehensive, and a more carefully balanced written 
quiz. It presents to the student, by means of optional references the 
more entertaining phases of chemistry. It increases the instructional 
time of the assistants, and, what is more important, enables the instruc- 
tor to devote his entire attention to the instruction of the individual 
student. It presents, to the class, tasks which are definitely of a college 
caliber, in a way designed to develop in the student correct habits of study 
and originality of thought. 
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Soil Type Has Effect on Storage Life of Apples. The amount of potash in the soil 
of the orchard appears to have an important bearing on the storage life of the apples 
produced. Dr. Franklin Kidd and Dr. C. West, of the Low Temperature Station, 
Cambridge, England, have found that the storage life of apples on which they worked 
increases as the amount of available potash in the soil increases. Trees grown in soils 
deficient in available potash yield apples which are particularly susceptible to low- 
temperature breakdown in cold storage. In order to insure a long storage life it there- 
fore seems important that there should be a good supply of available potash in the soil.— 
Science Service 


Canned Fruit in Cold Storage Keeps Natural Color Better. The natural fruit 
colors of certain canned fruits are preserved much better when the cans are kept in 
cold storage than when they are kept at ordinary temperatures. T. N. Morris and 
J. M. Bryan of the Low Temperature Station, Cambridge, England, have recently 
found that canned strawberries stored for three months at a temperature just above 
freezing have a fine red color, whereas those kept at 10 degrees below zero Fahrenheit 
are pale, and those stored at ordinary room temperature are also somewhat pale. The 
strawberries from cans stored at just above freezing actually had a much better appear- 
ance than when they were first canned because the color had returned to the fruit from 
the sirup.—Science Service 





AN INEXPENSIVE BURET SUPPORT 


H. ARMIN PAGEL, UNIVERSITY OF NEBRASKA, LINCOLN, NEBRASKA 


Various types of buret supports and devices for convenient filling can 
be found in the literature. We have used the design shown in Figure | 
for the past two years in several of our research laboratories and find it 
unusually satisfactory. This 
type of support includes the 
following desirable features. 
(1) The materials required are 
very inexpensive and are usu- 
ally available in any laboratory. 
(2) No special mechanical skill 
is required for its construction. 
(3) It can be fitted equally 
well to any size of reagent 
bottle. (4) Reagent bottles 
thus equipped can be conven- 
iently transported without dis- 
mantling, and the solution can 
be thoroughly agitated without 
danger of breaking the appa- 
ratus. (5) The buret is held 
rigidly at both ends and the 
scale is nowhere obstructed. 
(6) The flexible rubber buret 
connection totally eliminates 
breakage of the glass tubing 
due to misalignment or slight 
distortion. (7) The wood up- 
right protects both the flask 
and the reagent bottle from 
accidental breakage due _ to 
striking the flask against the 
bottle when titrating into a 
flask. (8) The buret is easily 
ae and quickly filled by suction 
and, unlike the gravity-filled 
type, there is no danger of 





















































FIcuRE lL 


any reagent entering the buret during titration. 

In Figure 1, A represents a regular single buret clamp with the rod 
clamp removed. B is a wood slat #/, inch thick by 1 and '/2 inch wide 
and of suitable length. The wood slat is firmly attached to the bottle 
with wires C. Rubber cushions D prevent the slat from slipping sidewise. 
The buret is filled by attaching a rubber tube to the glass tube E and suck- 
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ing. Tube E is secured with adhesive tape 
at F. A capillary tube G prevents undue 
evaporation, and serves for the air inlet. Fig- 
ure 2 shows the details of the flexible rubber 
buret coupling. This permits the use of a 
considerably larger two-hole stopper than 
could be properly inserted directly into the 
buret opening and provides splendid flexibility. 

Figure 3 shows the type of buret coupling 
used for alkaline solutions, where the buret 
must be removed and cleaned promptly after 
use to prevent etching. H is a glass tube 
about 1 inch inside diameter (the neck of a 
broken distilling flask is ideal). J is a two- 
hole stopper which remains permanently fixed. A rubber stopper J is 
bored so it will fit the buret top very snugly. 
This stopper remains fixed on the buret. In 
order to remove the buret from the coupling 
it is merely necessary to loosen the lower 
clamp (Figure 1), and with a gentle twisting 
motion loosen the buret above. In order to 
prevent stopper J from sticking in tube H, 
the contact surface of the stopper is rubbed 
with graphite containing a little vaseline. Since 
the solution does not come into contact with 
the stopper, there is no danger of contamina- 
tion. This type of coupling does not possess 
the flexibility of that shown in Figure 2, but 
due to the fact that stopper J is rigidly fixed, 


the small glass tubes are not strained while removing or replacing the 








FIGURE 2 

















FIGURE 3 


buret. 


Acetaldehyde Tried Out in Fruit Preservation. Acetaldehyde vapor may prove 
of future use in the preservation of fruit because it kills the spores of molds without 
injuring the fruit itself. 

This conclusion has been reached by two investigators who have worked on different 
sides of the question. R.G. Tompkins, of the Low Temperature Station, Cambridge 
has shown that acetaldehyde vapor rapidly kills the spores of the molds and fungi 
which are likely to cause fruit spoilage. 

In the same laboratory, S. A. Trout has recently found that healthy fruits can ab- 
sorb a certain amount of acetaldehyde vapor without any harmful effects. The acet- 
aldehyde is used up by the tissues of the fruit and soon disappears, leaving no trace of 
flavor.. The possibility of applying this work to the fruit industry is under investiga- 
tion.— Science Service 





DOBEREINER’S TRIADS AND ATOMIC NUMBERS 


Jack P. MonTGOMERY, UNIVERSITY OF ALABAMA, UNIVERSITY, ALABAMA 


Of the many attempts to base classifications of the elements upon 
unchanging constants of the atoms the first of any great value was that 
of Doébereiner in 1829. He called attention to the fact that it is possible 
to select elements in groups of three, the chemical behavior of the elements 
being similar, but also progressing relatively with increase of atomic weight 
in such a manner that the atomic weight of the central member is approxi- 
mately the mean of the other two, while the properties of the second mem- 
ber are intermediate between the first and third. He called such groups 
of elements triads. Although this relation was fragmentary, it was the 
forerunner of our present periodic system and it is interesting to note 
that each set of the triads of Débereiner is now found in its appropriate 
group of the periodic table. 

Just as the discovery of atomic numbers made the periodic classifica- 
tion more useful and interesting, the working out of the idea of Débereiner 
with atomic numbers, instead of atomic weights, enables us not only to 
get an exact, instead of an approximate, relationship but indicates the 
underlying cause. 

The relation will be clearly seen by reference to the table in which are 
listed some of the triads, with both atomic weights and atomic numbers, 


it being observed that the relationship is approximate only with the 
atomic weights, but is exact with the atomic numbers. 


Element Atomic Weight Mean Atomic Number Mean 


Chlorine 35.457 Vy 
Bromine 79.916 81.19 35 35 
Iodine 126.932 53 
Sulfur 32.064 16 
Selenium 79.2 34 
Tellurium 127.5 52 
Calcium 40.07 20 
Strontium 87.63 38 
Barium 157.37 56 
Phosphorus 31.027 15 
Arsenic 74.96 33 
Antimony 121.77 51 


The arithmetic explanation of the exact relationship shown by the 
atomic numbers will be obvious to one who notes that, on a periodic chart 
containing the atomic numbers, a set of triads falling into the same group 
results in a progression of atomic number from member to member of the 
triad of 18 in each case. Starting with any number, adding 18 to get a 
second number, and adding another 18 to get a third number, the second 
number will be the mean of the other two. 
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SUPPLEMENTARY DIRECTIONS FOR PREPARING SOLUTIONS 
FOR DEMONSTRATION OF CHANGES IN IONIC EQUILIBRIA 
DURING CHEMICAL REACTIONS 


JouN SHAw, ACADEMY HIGH SCHOOL, NANTUCKET, MASSACHUSETTS 


In the November, 1930, issue of the JouRNAL OF CHEMICAL EDUCATION 
appeared an article by Hosmer W. Stone* describing a demonstration 
experiment to illustrate ionic equilibria during chemical reactions. Those 
teachers of high-school chemistry who would like to perform that experi- 
ment, but find it a tedious and long performance to obtain the desired 
concentration of the solutions, following the directions given by Mr. Stone, 
will probably find the following table useful. The solutions indicated in 
this table do not give perfect results, but are satisfactory for classroom 
demonstration. They may be prepared with little difficulty and very 
quickly. I use an ordinary medicine dropper to measure the drops. Of 
course, I need not point out that for the best results it is imperative to 
use distilled water. Following the directions of this table my students 
in first-year chemistry have successfully prepared these solutions. 


TABLE 


Reaction No. I NatOH-~ + H*Cl- — > Na?Cl- + HO 
Reaction No.II Bat+20H~- + 2H*SO,-~—~»> BaSO, + 2H.O 
Reaction No. III NH,OH + HAC -—> NH,*AC~- + H.O 
Reaction Solution Ordinary Lab. 
No. Necessary Materials Directions for Preparing Solutions 
I NaOH U. S. P. Sticks Solution A: 1gramto100cc.H,O. Of 
solution A add 50 drops to 150 ce. 
H,0 
HCl 35.4-37.5% HCl Solution A: 5cc.acid to 50 cc.H,O. Of 
solution A add 25 drops to 150 cc. 
H.0 
Ba(OH). Pure crystals Solution A: saturate solution at 
20°C. and filter. Of solution A add 
20 ce. to 140 cc. H,O 
II H2SO, 94.2-95.6% H:SO, 9 drops to 150 cc. H2O 
III NH,OH 28-29% NHs 6 drops to 150 cc. H,O 
III HAc* 380% HAc 6 drops to 150 cc. H,O 


* CH,;COOH. 
* SToNE, J. CHEM. Epuc., 7, 2722-4 (Nov., 1930). 








APPARATUS, LABORATORY PRACTICE, AND DEMONSTRATIONS 


A Simple Individual Hydrogen Sulfide Generator. L. K. YANowsK1. Chem.- 
Analyst, 19, 5, 17 (Sept., 19380).—The diagram shows the construction of a hydrogen 
sulfide generator which, due to its cheapness and 
ease of construction, is suitable for large laboratory 
classes. A is a Gooch crucible with a larger open- 
ing in the center through which the glass rod B, 
with a flange on one end, is inserted. The FeS is 
placed into the crucible and can be lowered into 
the dilute HCl or H2SO, until the bottom of thx 
crucible is just below 
the surface of the acid. 
A little vaseline on 
the rod B makes it 
easier to work and 
makes it gas tight. 
The gas flow stops very 
shortly after raising the 
crucible. If desired a 
pinchcock may be 
placed on the outlet, 
in which case a thistle 
tube should be intro- 
duced through a third 
hole in the rubber 
stopper to act as a safety valve. Dee. 

A Simple Pump for Air under Low Positive Pres- 
sures. R. C. Brimtey. J. Sci. Instr., 7, 329 (Oct., 
1930).—‘‘An ordinary filter pump is connected to an aspi- 
rator bottle as shown, so that the stream of air and water 
separates out, the air leaving by the delivery tube A and 
the water flowing to waste through B. The maximum 
pressure depends on the height of the waste-pipe B but can 
be regulated by a constant head blow-off, if necessary. The 
rate of air flow must not exceed about one liter per minute 
which is almost the capacity of the filter pump. Excess air escapes through B with the 
water. The device will operate for long periods without attention and is quickly fitted 
up from apparatus on hand in the laboratory.” 1? ae 2 

An Improved Volumetric Flask. W. NoRMANN. Chem.-Ztg., 54, 744 (Sept. 24, 
1930).—The adjusting of the temperature of a solution within an ordinary volumetric 
flask is a tiresome but necessary task for the preparation of carefully made standard 
solutions. This can be avoided if a volumetric flask, calibrated not for one particular 
temperature but for a whole range from 10-30°C., is used. Instead of adjusting the 
temperature of a solution it is only necessary to determine it by means of a thermometer 
and then to fill the flask to the proper mark. These flasks are manufactured by A. Dar- 
gatz, Hamburg, Germany. L. S. 

A Convenient Form of Gas Combustion Pipet. E. W. R. Sreacig. J. Am. 
Chem. Soc., 52, 2811 (1930).—Advantages claimed: sturdy construction; no leakage; 
time of combustion shortened; adaptable to various volumes of gases. Drawing. 

A Capillary Gas Valve. H. N. AtyEa. J. Am. Chem. Soc., 52, 1936-7 (May, 
1930).—Description, with drawings, of a device useful in withdrawing extremely small 
samples of chlorine from a storage bulb. Might be applied in any case where the gas is 
easily liquified. H. H. K. 

A Simple Electrically Controlled Thermostat. J. A. Cranston. J. Chem. Soc., 
1458-60 (June, 1930).—Description with drawing. Compactness and economy in use 
of electric current are claimed for the thermostat described. J. W.-H. 
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An Electric Heated Thiel Tube. J. D. Bur- 
CHARD. Chem.-Analyst, 19, 23 (Sept., 1930).—With 
the use of the Thiel tube in melting-point determina- 
tions, heating by licking the tube with the flame of the 1p ihemometer 
Bunsen burner may be troublesome, especially when ae age 
the apparatus is to be housed in to avoid air drafts. \ ¥ 
The diagram shows a cheap and efficient means of | 
heating. The resistance wire, having a resistance of 
about 2 ohms per foot, is wound around the tube on a ZZ] tose ausillary stem 
single layer of asbestos paper at the points indicated. Y transite pradesh le 
Wire from an old heating element may be utilized. Laer 
When connected to a 110-volt alternating current, it 
should draw about 3 to 4 amperes, requiring about 20 
feet of the wire. A wide temperature range can be 
attained by using a variable resistance. A stopper of 
transite asbestos board can be made by turning it down 
onalathe. This does not char or chip. With a salt- 
sulfuric acid bath temperatures up to 380° can be 
reached. B.C. LE. 
Phosphoric Acid for Determination of Melting 
Points. F. D. SNELL. Ind. Eng. Chem., Anal. Ed., 
2, 287 (July, 1930).—If sirupy phosphoric acid is used 
in place of sulfuric in melting-point determinations 
between 100-300°C., hand stirring can be avoided. 
The apparatus with attached m.-p. tube is set up as ac, fe sistance 
usual. The phosphoric acid begins to lose moisture at 
about 100°C. By placing the burner a little to one 
side, the steam generated automatically creates a circu- 
lation. At 213° the ortho is converted to pyrophosphoric acid, and evolution of steam 
continues to almost 300°. On cooling, if 200° has not been exceeded about 10% water 
is stirred in below 100°, and it is ready for use. If heated higher more water is added. 
If contaminated by organic matter a crystal of KNOs is added. B.C. L. 
The Preparation of Powdered Sodium. R. E. DunBar. Chem.-Analyst, 19, 
5, 6 (Sept., 1930).—Finely divided sodium for use in Claisen’s, Wurtz-Fittig’s, or similar 
reactions can be readily prepared by this method. A round-bottom Pyrex flask is 
provided with an air condenser about 75cm. long. The sodium is freed from incrusta- 
tions and oil and the desired amount cut into pieces so they can be slipped into the flask. 
It is then covered with xylene and heated with an electric heater until the sodium is 
completely melted, m. p. 97.5°. Any vaporized xylene is returned to the flask. When 
melted, the flask with condenser still attached is shaken vigorously, breaking the sodium 
into fine globules which have but little tendency to combine on cooling. The xylene 
and sodium can be separated by filtration on a Biichner’s funnel. The small amounts of 
adhering xylene are usually not objectionable. DG. Fz 
The Technic of Copper-Pyrex Tube Seals. H.W. B. SKINNER AND J. H. Burrow. 
J. Sci. Instr.,7, 290-1 (Sept., 1930).—A method for sealing copper tubing to Pyrex 
glass tubing is given. Since the glass has a coefficient of expansion only about one-half 
that of copper, the glass always cracks away from the copper upon cooling This was 
overcome by placing a layer of glass inside the copper as well as outside. Illustrated. 
RN. Eo: 
The Preparation of Anhydrous Oxalic Acid. E.1I. JoHNSON AND J. R. PARTINGTON. 
J. Chem. Soc., 1510-1 (June, 1930).—‘‘Anhydrous oxalic acid is readily prepared by 
the following method. A mixture of 5 g. of the hydrated acid with 100 cc. of toluene, 
previously distilled over calcium chloride, is distilled in a wide-necked conical flask 
until about 15 cc. of liquid remain. The contents of the flask are submitted to filtra- 
tion and the solid is wasl:ed with a little dry benzene. It is then keptin a vacuum desic- 
cator over wax for 12 hours. The product is found by titration to be pure anhydrous 
oxalic acid. A conical flask is used since, during distillation, the anhydrous acid sepa- 
rates in small needles which adhere to the sides of the flask and are difficult to remove from 
an ordinary distilling flask. The method is probably capable of application, with suit- 
able distilling liquids, in many other cases and an attempt is being made to obtain an- 
hydrous periodic acid in this way. A similar method of using carbon tetrachloride has 
been described (Adams, ‘‘Organic Syntheses,”’ 1921, Vol. I, p. 67). Since toluene has a 
higher boiling point than carbon tetrachloride, its use will probably expedite the de- 
hydration.” J. W. H. 
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The Standardization of Weights. P. F. WEATHERILL. J. Am. Chem. Soc., 52, 
1938 (1930).—‘‘The accuracy of the Richards method [J. Am. Chem. Soc., 22, 144 
(1900) ] for the standardization of weights by substitution can be doubled by using the 
method of weighing by transposition. This latter method makes the use of a set of tare 
weights unnecessary, and involves no more time or difficulty than the Richards method. 
In fact, this is one operation to which the little-used transposition weighing seems pecu- 
liarly suited. 

“Tf the weights W, and W2 are to be compared, W, is placed on the left pan and W, 
on the right and the zero point noted. The weights are then reversed and the difference, 
d, necessary to bring the pointer to the same zero point is noted. It can be shown 
readily that Wz. — Wi = d(l2)/(l; + 2) where /, and /, are, respectively, the lengths of 
the beam to the left and to the right of the central knife edge. Since d is very small, any 
error introduced by assuming that /; = /2 is entirely negligible, so W2 — W,; = d/2, 
where d may, of course, be either a positive or negative quantity. The method of cal- 
culating the corrections remains the same. 

‘Variations in the relative lengths of the balance arms are not likely to occur dur- 
ing any one comparison, and variations between comparisons could not affect the value 
of W. — W, appreciably.” Bi. EK: 

Inorganic Lubricants. I. Amalgams. W. A. Boucuton. J. Am. Chem. Soc., 
52, 2421-2 (June, 1930). —Description of process of making mercury “ its liquid 
amalgams useful for stopcock and ground joint lubricants. ; Hy EK: 

Inorganic Lubricants. II. Phosphoric Acid Mixtures. W. A. pt 
J. Am. Chem. Soc., 52, 2813-4 (July, 1930).—A method of preparing a phosphoric acid 
mixture containing chiefly meta-phosphoric acid. This mixture is not markedly hy- 
groscopic and is useful as a stopcock lubricant. BH. . K. 

Test Papers for Detecting Magnesium. I. Stone. Science, 72, 322 (Sept. 26, 
1930).—A convenient method for carrying out the new organic test for magnesium is 
by means of a spot reaction on filter paper impregnated with the reagent. White filter 
paper is immersed in a 0.001 per cent solution of paranitrobenzene-azo-resorcinol (ortho, 
para-dihydroxy-azo-paranitrobenzene) in alcohol and hung up to dry. To perform 
the test one drop of the slightly acid solution to be tested is placed in the center of the 
test paper and allowed to dry. Immerse paper in a dilute sodium hydroxide solution 
(about 1 per cent). In the presence of magnesium a blue spot will show in a reddish 

G. H. W. 

Data for Time Reactions to Be Conducted by Students in the Laboratory. W. 
SEEGER. Z. physik. chem. Unterricht, 43, 215-8 (Sept.-Oct., 1930).—The experiments 
outlined are planned to be performed by students and to show them the dependence of 
the reaction velocity on: concentration, temperature, and catalysts. The well-known 
reactions between hydrogen peroxide and hydriodic acid and between bromic acid and 
hydriodic acid are used. 

The first series of experiments deal with the reaction shown by the equation: 
H.O, + 2HI = 2H,O + Ie. The following solutions are necessary: (1) a1% solution 
of hydrogen peroxide. Dilute the commercial 3% solution with twice its volume of 
water. (2) A 1% solution of potassium iodide or hydrogen iodide. Dissolve 1 cc. of 
potassium iodide in a solution of 6 cc. of N HCl in 94 ce. of water. (6 cc. of N HCl 
decompose 1 g. of KI.) Hydriodic acid decomposes gradually in the light giving off 
iodine. Hence it is better to prepare a neutral solution of potassium iodide and to add 
the proper amount of hydrochloric acid to the solution of hydrogen peroxide. (3) A 
solution of 1 g. of acid-free wheat starch in 100 cc. of water. 

In the first series of experiments the concentration of hydrogen peroxide remains 
constant, namely, 1%; that of potassium iodide is varied from 0.25 to 8%. 

Each of six students takes two test tubes (18 cm. X 18 mm.) on which he marks off 
the volume of 10 cc. A third test tube of the same type is used for comparison and is 
filled with a blank solution made up by mixing 100 cc. of iodine solution (saturated at 
room temperature) with 10 cc. of filtered 1% starch solution and diluted with distillled 
water to 400 cc. 

Each student fills his first test tube to the mark with a 0.1% solution of hydrogen 
peroxide. (Add 1 cc. of the 1% solution and dilute with water to the mark.) The 
second test tube is filled with potassium iodide solution of various concentration. A 
10-ce. pipet graduated in 0.1 cc.isemployed. The first student uses 0.25 cc.; the second, 
0.5 cce.; the third, 1 cc.; the fourth, 2 cc.; the fifth, 4 cc.; and the sixth, 8cc. Each 
student dilutes his potassium iodide solution to the mark with distilled water and adds 
1 ce. of 1% starch solution by means of a pipet. The total volume of both solutions 


should be 21 cc. 
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When the instructor gives the signal the six students pour both solutions together 
at the same time, close the test tube with the thumb, shake quickly, and determine the 
time in seconds from the moment the solutions have been poured together to the moment 
when the intensity of the color is the same as that of the solution reserved for comparison 
in the third test tube. 
The following results were obtained in one series of experiments: 
First Series: 10 cc. + 1 cc. 1% 


Starch Solution. Temperature 19°C. 


Solution 
1% HO. + 0.25% KI 
1% Ho: + 0.5% KI 


Time 
about 9 minutes 
about 41/2 minutes 


140 seconds 
70 seconds 
35 seconds 
17 seconds 


1% H2O2 + 1% = 
1% H.O2. + 2% K 
1% H.O2 + 4% EI 
1% H.O2. + 8% KI 
In the second series the concentration of the potassium iodide solution was kept 


constant (1%) while that of the hydrogen peroxide was varied between the limits 0.25% 
and 8%. The technic was similar to that of the first series. 


Second Series. Temperature 20°C. 
Time 
1 minute 
30 seconds 
13 seconds 


HBr + 3H2O + 


Time Solution 
8 minutes (d) 1% KI + 2% H.O, 
4minutes (e) 1% KI + 4% HQ: 
(c) 1% KI + 1% H.02 2minutes (f) 1% KI + 8% HO» 


The second reaction given by the equation: HBrO, + 6HI = 
31, is employed in the same way. The following solutions are necessary: (1) A 1% 
solution of potassium bromate containing an equivalent quantity of sulfuric acid. (2) 
A 1% solution of potassium iodide containing an equivalent quantity of sulfuric acid. 
Hydrogen iodide decomposes in the light. Hence it is better to add twice the equivalent 


Solution 
(a) 1% KI + 0.25% H2O2 
(b) 1% KI + 0.5% HO, 


quantity of sulfuric acid to a 1% solution of potassium bromate (1 g. IBrO; + 88 cc. 
H.O + 12 cc. N H,SO,) and to prepare a neutral 1% solution of potassium iodide. (3) 


(4) A blank solution to be used for comparison. 


Third Series. 


A 1% solution of starch. 
Temperature 19°C. 


Time Solution 


16 minutes (c) 1% KI + 4% HBrO; 
140 seconds (d) 16 KI + 8% HBrO: 


Fourth Series 
2% HBrO; + 1% KI 160 seconds (c) 2% HBrO; + 4% KI 
2% HBrO; + 2o KI 80 seconds (d) 2% HBrO; + 8% KI 
Series 5 and 6 show the effect of catalysts and temperature. 


Fifth Series. 
Solution 
2% HBrO; + 1% KI 
2% HBrO; + 1% KI + 1 ce. N H.SO, 
2% HBrO; + 1% KI + 1cc. 1% FeSO, 
2% HBrO; + 1% KI 


Sixth Series. Total Volume 21 cc. as before 


Alteration of Experiment 2b 
0.5% H2O0> 
0.5% H2O2 + 1 cc. N H2SO, 
0 0.5% H2O2 + 1 ce. 1'/2 FeSO 20°C. 

1% KI + 0.5% HO 30°C. 

The following time reactions are recommended for further study: 1. The de- 
colorization of a fuchsin solution by sulfurous acid. 2. The reaction between a solu- 
tion of fuchsin in sulfurous acid and formaldehyde whereby a violet color is produced. 


Time 
20 seconds 
3 seconds 


Solution 
1% KI + 1% HBRO; 
% KI + 2% HBrO; 


40 seconds 
20 seconds 


Total Volume 21 cc. as before 
Time 
160 seconds 
12 seconds 
15 seconds 
80 seconds 


Temperature 
18°C. 
18°C. 
18°C. 
28°¢. 


20°C. 
20°C. 


4 minutes 

31/2. minutes 
10 seconds 

3 minutes 
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Microscopic Methods in Analytical Chemistry. C.W. Mason. Ind. Eng. Chem., 
Anal. Ed., 2, 203-6 (July, 1930).—In many tests and operations conclusions are based 
almost entirely on what can be seen. With the microscope we can obtain a close-up of 
materials and processes which we ordinarily see as distant spectators. It helps to bridge 
the gap between the ordinary limit of visibility and the realm of atomic dimensions, 
and serves as a valuable aid to macroscopic analysis. Frequently, a substance may be 
identified at a glance, or shown to be a single substance or mixture. Molecular weights 
may be determined microscopically. Melting and transition points, hydration, and 
double salt formation are strikingly observable. Differences in behavior are often 
shown to be due to physical differences. 

Under the microscope, all white precipitates are no longer alike, but often are so 
distinctive that further tests are unnecessary. Both qualitative and quantitative pro- 
cedures can be greatly shortened. When once tried, one will be invited by the rapidity 
and directness of observations to make constant use of the microscope. Even if the pri- 
mary question remains unanswered some additional information is always revealed and 
some light thrown on the interpretations of chemical phenomena. D.C. £. 

Antifogging Agents in Developers. A. P. H. TRIVELLI AND E. C. JENSEN. J. 
Franklin Inst., 210, 287-309 (Sept., 1930).—As an antifogging agent in the hydro- 
quinone, pyrogallol, and p-aminophenol developers, 6-nitrobenziminazole is superior to 
KBr and KI, giving the least depression of image densities with the same fog-removing 
quality. Investigations of G. Silberstein are to the effect that with negative films, 
6-nitrobenziminazole in general does not give as good results as KBr. J. H. G. 

Determination of Silver Ion with Various Concentrations of Hydrochloric Acid as 
Precipitant. F. G. Germutu. J. Franklin Inst., 210, 345-51 (Sept., 1930).—Ex- 
periments show that 0.15 N HCI solution is most suitable for employment as a precipi- 
tant in the quantitative estimation of Ag ion, this procedure reducing adsorption to a 
minimum. J}. &: 


Determination of Osmium. U. S. Bureau STANDARDS Notes. J. Franklin 
Inst., 210, 384 (Sept., 1930).—Reference is made to a new method of determination of 
osmium as presented in Technical News Bulletin Nos. 156 and 157, and the statement that 


the method offers a simple and accurate means for determination of this metal. A brief 
description of the method follows. jJ. BH. G 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Rough Spots in Teaching Chemistry. R. LancpALe. Rep. New Eng. Assoc. 
Chem. Teachers, 31, 14-7 (Sept., 1930).—Stumbling blocks in the chemistry road are: 
1. Distinction between polar and non-polar compounds. 2. The valence of N in 
ammonium compounds. 3. The marking of conductors in diagram. 4. The func- 
tion of cryolite in Hall process, etc. There are 13 mentioned. Oe. 

Organizing and Running a Chemistry Club. F. W. Hanson. Rep. New Eng. 
Assoc. Chem. Teachers, 31, 11-4 (Sept., 1980).—Purpose of the Chemistry Club at 
Wilby High School, Waterbury, Conn., is: ‘‘For our mutual improvement, for the enter- 
tainment of our friends, for the cultivation of the amenities of social life, and to increase 
our knowledge of science and its applications.” 

The programs must be varied, failure is generally caused by continued sameness 
and by lack of interesting presentation. 

A chemistry club brings a new interest in chemistry classes and an opportunity for 
the teacher to discover hidden ability, loyalty, and coéperation. OG. ©. 

Talking Motion Pictures as an Aid in College Education. J. G. Giover. Educ. 
Screen, 9, 201 (Sept., 1930).—Colleges have been handicapped in teaching modern 
methods in commerce and industry in that specialists in these lines will not give up their 
positions for the salaries offered by colleges. Now, however, specialists in all walks of 
life may be heard in our college lecture rooms. 

The radio was the first step whereby students could hear any great speaker. Then 
the scientist was able to combine the photographed sound with motion picture, after 
the stereopticon proved but partially successful. Motion pictures were first used in 
the lecture halls as an aid in teaching in about 1919, by Prof. Cornell in his course on 
‘‘Manufacturing Industries.’’ It was difficult to find instructors with knowledge of 
the enormous industries, so with the advent of talking pictures, the problem is solved 
and opens a new era for education which will revolutionize our present methods. The 
student now will not only see and hear leading educators of this country but those from 
abroad who are authorities on their subjects. The classroom professor may aid the 
students by giving them a list of questions on the subject beforehand and requiring each 





VoL. 8, No. 1 ABSTRACTS 169 


student to answer them afterward. ‘‘Teaching by means of motion pictures is a progres- 
sive step in education.”’ Bi FB, 

An Experiment in Teaching Laboratory Psychology by the Project Method. See 
this title on page 176. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Administration of the High-School Science Program. W.W.CarRPENTER. High- 
Sch. Teacher, 6, 345-8 (Oct., 1930).—The author groups administrative duties into three 
classes; those that are immediately concerned with the teaching, those that are common 
to all teachers of the school, and those which concern only workers in particular de- 
partments. It is the third of these that is of particular concern to the science teacher. 

For the science teachers he discusses; care of equipment and supplies, care of built- 
in equipment, distribution of equipment and supplies, storage, purchase, and accounting 
for equipment and supplies. Not the least of the science teacher’s administrative tasks 
is that of making provision for the laboratory hazard. B.C. H. 

A Problem in the Teaching of General Science. F.D. Curtis. Educ. Outlook, 4, 
241-2 (May, 1930).—General science continues to hold an important place in the junior 
high school but capable teachers are not handling the job. The responsibility for ade- 
quately trained teachers rests with the teacher-training institution and the school ad- 
ministrator, the former to prepare and the latter to properly place. Ss. Ke P, 


KEEPING UP WITH CHEMISTRY 


Behavior of Positive Ions in Hydrogen. A.C. G. Mitcuetyr. J. Franklin Inst., 
210, 269-86 (Sept., 1930).—Experiments were performed to see whether fast positive 
ions are all able to dissociate hydrogen. In these experiments lithium and cesium posi- 
tive ions of various velocities are produced in a tube containing hydrogen molecules. 
With ions of energies from 15 to 320 volts flowing in the tube, there is shown evidence of 
formation of some condensible product due to the action of the ions. The number of 
hydrogen molecules disappearing per positive ion entering the tube varies from 0.01 
to 0.5. .H. G. 
Purification of Water by Electrodsmosis. E. BARTOW AND R. B. JEBENS. Jnd. 
Eng. Chem., 22, 1020-2 (Sept., 1930).—The purification of water by the removal of 
salts from a central section of a cell through diaphragms to cells containing anode and 
cathode poles has been developed in Germany. By passing the water from a central 
compartment of a series of cells, the water in this compartment becomes gradually 
purer until the anions and cations are practically all removed. The water so purified 
is claimed to be equivalent to distilled water and much cheaper. The authors obtained 
an apparatus from Germany to try out its applicability to local waters. The apparatus 
consists of ten cells placed side by side. The purified water passes by siphons through 
the central compartment of each cell. The anode and cathode water are removed by 
wash water. The current from a 110-volt generator is passed through the cells so that 
the potential increases as the water becomes purer. Tap water containing about 700 
parts per million of zeolite-softened water gave about the same result. The chloride 
was reduced to zero, residues to about 14 parts per million, and resistance to about 26,000 
ohms. About 90% of the ash from the residue from purified water was silica. Partially 
purified water containing 65 mg. per liter can be produced at a cost of 43 cents per hun- 
dred gallons at a rate of about 50 liters per hour. Less than one half the energy would be 
required to reduce the residue from 600 to 300, than from 300 parts per million to zero? 
The water produced is not of the desired quality until an hour after the machine is 
started. The residue being chemically inert, the water will serve for most of the common 
uses of distilled water. D.€_L. 

Observations on the Priming of Saline Waters. J.S. Hancock. Chem. & Ind., 49, 
369T-74T (Sept. 12, 1930).—Experiments are described which lead to the following 
conclusions. (a) At normal pressures suspended solids have no influence on priming. 
(b) Organic matter in presence of alkali may cause priming. (c) The sodium salts 
cause more priming than the corresponding potassium salts, and the acid radicals should 
be placed in the following order of decreasing influence; hydroxide, carbonate, sulfate, 
chloride, nitrate. E.R. W. 

Smoke Abatement in U. S. A. H. B. Metter. Reprint from The Journal of 
the National Smoke Abatement Society. Published by the Service Guild, 45 Deansgate 
Arcade, Manchester, for the National Smoke Abatement Society, 23 King St., Man- 
chester, England.—Topics discussed are: the anti-smoke ordinance, effects of the an- 
thracite strike, results of smoke abatement, and the problem of air pollution. R.L.H. 
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International Relationships in Chemical Manufacturing as Illustrated in the De- 
velopment of a World-Wide Fixed Nitrogen Industry. H. A. Curtis. Rep. New 
Eng. Assoc. Chem. Teachers, 31, 7-11 (Sept., 1930).—The story of fixed nitrogen traced 
from the fourteenth century to the present. Production in India, South America, 
Germany, and United States described. ©.¢: 

The Nitrogen Industry and Our Food Supply. R.E. Stave. Chem. & Ind., 49, 
760-6 (Sept. 12, 1930).—Thirty-two years ago Sir William Crookes said: ‘The 
fixation of nitrogen is vital to the progress of civilized humanity’’; and again, ‘““The 
fixation of nitrogen is a question of the not far-distant future. Unless we can class it 
among the certainties to come, the great Caucasian race will cease to be the foremost in 
the world, and will be squeezed out of existence by the races to whom wheaten bread is 
not the staff of life.” In 1928, 1,843,000 tons of nitrogen were used in the world, 1,658,- 
000 tons being used in fertilizers. More than one-half of this was produced in nitrogen- 
fixation plants. Interesting tables and graphs show the results of the increased use of 
nitrogen. E.R. W. 

The New Kingdom of Ammonia. Anon. Jnd. Bull. Arthur D. Little, Inc., 
No. 46 (Oct., 1930).—A brief survey article including statistics indicating the increased 
significance of ammonia during the last six years, and suggestions for possibilities for 
increased use in the future. ae 

Nitric Acid Produced from Ammonia by Modified Pressure System. G. FAusER. 
Chem. & Met. Eng., 37, 604-8 (Oct., 1930).—The author gives in this article a description 
of the most favorable conditions for economical conversion of ammonia into nitric acid. 
The per cent of conversion of ammonia to nitric oxide is greatest at 850°C. and at- 
mospheric pressure, while the rate of oxidation of NO to NOs is increased with increase 
in pressure and decrease in temperature. The ammonia is first oxidized at atmospheric 
pressure and the NO later compressed for further oxidation. RE. A. 

Atomic Hydrogen Welding. C. I. MacGurriz. Balto. Eng., 5, 15-6 (Aug., 
1930).—The process of atomic hydrogen welding was discovered and developed by Irving 
Langmuir. The heat carried from an incandescent filament by an inert gas is increased 
by 1.9th power of the temperature of the filament. There were abnormal results noticed 
when hydrogen was used, which were found to be caused by the dissociation of the hy- 
drogen molecules into atoms. The temperature given by the atomic hydrogen flame 
is about 4030°C. The reducing action of hydrogen makes the atomic hydrogen flame 
ideal for welding. gO) ae: Ie 

Aluminum in the Chemical Industry. H. V. Cuurcuity. Jud. Eng. Chem., 22, 
993-5 (Sept., 1930).—The term aluminum is often applied indiscriminately to any metal 
which has aluminum as the principal constituent, so that there may be a wide range in 
properties in the various alloys which are referred to as Al. Small amounts of Si, Fe, 
and Cu are present in most Al, and Mn, Mg, and Zn are often added to give desired prop- 
erties. The purest Al is most resistant to chemical attack and is used in chemical ap- 
paratus where solutions are neutral or but slightly acid, unless the presence of Al is not 
objectionable. Practically no Al salts color solutions, so Al is often used where Fe or 
Cu containers would color the product. In the production of citric and gluconic acids 
by fermentation, Al containers are used because the Al salts are not toxic to those fer- 
ments. Al is not resistant to alkaline attack, but it is used in ammonia condensers in 
by-product coke plants. It is used in the turpentine rosin and varnish industries on 
account of the favorable color when the premium on color is sufficient to warrant the 
extra cost. On account of its high position in the electromotive series, Al should be 
used by itself, and not in contact with other metals. When subjected to high tempera- 
tures there is no serious oxidation or scaling. The thermal conductivity of solid solutions 
drops to more than one-half that of the pure Al, while in brasses and bronzes it often 
drops to 0.25-0.10 that of pure Cu. Al paints are used in solving lighting problems and 
on tanks where reflection of heat is desired. Al foil is also used for the same purpose, 
the foil being fastened by asphaltic or bituminous adhesives. DG. ET. 

Tung Oil in Mississippi. HH. Bryant. Mfegrs. Record, 98, 54 (Nov. 18, 1930). 

R. Eb, :. 


The “Cellulose Age’? Dawns in the South. G. M. Rommer. Mfgrs. Record, 
98, 42-3 (Nov. 13, 1930). R. L. H. 

Swedish Iron Ore: Mining and Transport. B.H.Strom. Eng. Mining J., 130, 
381-6 (1930).—North of the Arctic Circle at 68 degrees latitude are the iron deposits of 
Lapland, the largest in Sweden and among the largest in the world. With the present 
rate of shipment, about 9 million tons per year, the deposits are assured of a life of 150 
to 200 years. The ore is of a high quality, the iron content varying from 58 to 70 per 
cent, with a very low sulfur content. Part of the ore is almost entirely free from phos- 
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phorus. The greater part of the ore is a hard compact magnetite generally containing 
some apatite. Most of the ore mined in Lapland is shipped abroad. 

Is Gray Iron on a New Basis? J.S. Vanicx. Jnco,10,12-3 (1930).—‘‘Gray iron 
is today the most quickly made, most readily procurable, and cheapest casting metal 
available for machinery and engineering applications.” 

Yet the demand for cheaper and cheaper cast iron has operated to stifle improvement 
of operation or of product. ‘‘An industry working upon a slender or a vanishing profit 
could hardly be expected to expend itself studying its consumer’s requirements.” 

For some reason, not fully analyzed, there seems to bea turn for the better. Someof 
the advantages coming to the user of better quality cast iron are enumerated as: fewer 
defective castings, more rapid machining of such castings, elimination of annealing as 
a production cost, longer life to the better grade casting, higher corrosion resistance, and 
general increased service. The most promising method of improvement seems to be in 
the direction of alloying the product. Be@. 

Quarrying Rock Asphalt in Texas. C. H. Vivian. Compressed Air Mag., 35, 
3244-7 (Sept., 1930).—An interesting, well-illustrated description of the quarrying and 
uses of natural occurring mixtures of rock and asphalt. E. R. W. 

Preservation of Rubber Goods by Antioxidants. T.L. Garner. Chem. Age, 23, 
252-3 (Sept. 20, 19380).—A discussion of the general theory of antioxidants, and the 
preservation of rubber goods by antioxidants. E.R. W. 

Crystalline Rubber. U.S. Bureau STANDARDS Notes. J. Franklin Inst., 210, 
509 (Oct., 1930).—The Bureau has recently developed a process by which pure rubber 
can be repeatedly crystallized, thus opening the possibility of successfully fractionating 
it into its constituent hydrocarbons and eventually determining the formulas of their 
molecules. The method of doing this is described. wets 

Chemical Warfare Training in the Army. W. N. Porter. Chem. Warfare, 16, 
802-13 (Aug.-Sept., 1930).—An outline of the method by which information relating to 
chemical warfare is disseminated throughout the army. E.R. W. 

Dyes and Their Application: Recent Technical Progress. L. J. Hootey. Chem. 
Age, Dyestuffs Mo. Suppl., 23, 21-2 (Sept. 13, 1930).—A discussion of benzanthrone 
dyes. E.R. W. 

Another Land of Promise. ANon. Jnd. Bull. Arthur D. Little, Inc., No. 46 (Oct., 
1930).—The potential resources of the southeastern portion of the United States are 
outlined. RL. #. 

Vermont a Notable Producer of Talc. A.S. Taytor. Compressed Air Mag., 35, 
3282-6 (Oct., 1930).—The use of talc in the manufacture of talcum powder is of relative 
insignificance compared with its use in other industries. Chief among these are the 
manufacture of crayons for metal marking, paper, insulated wire, roofing paper, rubber, 
paint, linoleum, and glass. The illustrated article contains a description of the occur- 
rence, methods of mining, and uses of talc. E. R. W. 

Crystalline Talc. F.R.Wicxs. Eng. Mining J., 130, 319-21 (1930).—Chemically 
pure talc is a crystalline hydrous magnesium silicate and is one of the most inactive 
chemical substances known in nature. It is believed that the deposit in southeastern 
California is the only workable deposit of crystalline talc in North America. Although 
talc is usually thought of in connection with the manufacture of cosmetics and talcum 
powders, it finds a good many other uses among which are its uses in the ceramic indus- 
try for the manufacture of white tile and electrical porcelains; in the manufacture of 
rubber products for the dusting of molds and finished goods and sometimes incorporate 
in the product itself; in many dry lubricants and heavy oil lubricants; in concrete 
where it serves to produce a workable and plastic mixture with less water and in paper 
products and paint. The standard of fineness for most uses is the 200-mesh screen. 
Details of mining and mechanical treatment are given. G. W.S. 

Aladdins of the Test - Tubes. W. P. Heim. Colliers, 86, 20 (Oct. 11, 1930).— 
An American manufacturer was left with 62,000 tons of smokeless powder at the end of 
the World War. By the magic of test tubes, retorts, acids, and alkalis his chemists 
turned this into a liquid, splashed with a rainbow of color, and used it to paint automo- 
biles. A new industry had sprung up from the dumps. 

Since then the chemist with seven-league strides has crossed the frontiers of the un- 
known, rolling back its clouds and shadows, and revealing flashes of vast opportunity. 
The modern chemist is the Aladdin of industry. The things that are useless he turns 
to gold. Wherever there is waste one finds him seeking to save it. 

Among the special examples cited are the recent work on cornstalks including their 
use as an absorbent for explosives; the preparation of xylose from cottonseed hulls; 
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liquefaction of coal; the manufacture and uses of diphenyl to keep down pressure in 
boilers. 

In 1929 alone the printed index of what was done in chemical research, set in 
agate type, two columns to the printed page, covers nearly 2000 generous pages. 


What Won’t They Do Next? J.T. Frynn. Am. Mag., 110, 24-5 (Oct., 1980).— 
The author in an interview with Willis R. Whitney shares with the reader some of the 
future achievements of science as the director of research for the General Electric 
Laboratories visions them. Possibilities of pilotless airplane navigation, of a widespread 
use of television, of useful fevers induced by electricity, of the photoelectric cell ‘‘in the 
harness,” and the generation of vitamins by cathode rays were the subjects included in 
the interview. 

Doctor Whitney is characterized as the research worker who ‘‘loves to tinker with 
uncertainties; . . . (who) is primarily interested in the unknown . . . (and who when he) 
discovers some fragment of the unknown .. . is no longer interested in it’’ because it is 
known. Cee 
When You Need Iodine. W. H. Eppy. Good Housekeeping, 91, 116-8 (Sept., 
1930).—The thyroid glands of the neck require iodine in the diet if they are to function 
properly. Deprived of this element in the food supply this gland enlarges to an un- 
sightly lump called a goitre. 

To prevent this affliction, then, becomes a matter of diet. Experiment has shown 
that the addition of iodine to the diet reduces the chances of goitre. In some regions 
the vegetables can be relied upon to furnish the small amount of iodine required but that 
is not universally true so a knowledge of other sources of iodine is essential. 

The Department of Commerce, Bureau of Fisheries, Document No. 967 says, ‘‘The 
data indicate that marine fishes, mollusks, and crustaceans contain a higher percentage of 
iodine than any other common foods. Oysters, clams, and lobsters contain more iodine 
than any other marine food. . . . Oysters, clams, and lobsters contain about 200 times as 
much iodine as milk, eggs, or beefsteak.”’ 

Experiments are under way for enriching the iodine content of vegetable foods, such 
as spinach, by introducing more iodine in the soil. Efforts are also being made to get a 
higher iodine content into the cow’s milk through the diet. B.C. 

Chemical Industries. See Aladdins of the Test Tubes on page 171. 

Resources of the South. See Another Land of Promise on page 171. 

Future Achievements for Science. See What Won’t They Do Next? above. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Chemical Atoms and Superatoms. E. J. WiTzEMAN. Sci. Mo., 31, 350-60 
(Oct., 1930).—An attempt to trace the relationship between the simple atoms of chem- 
istry and the so-called superatoms which are sufficiently large to be visible as morpho- 
logical units in the living organism. It is pointed out that both chemical radicals and 
chemical atoms possess complex organizations and can and do function as a unit, that in 
solution both have associated with them more or less water, that amino acids are built up 
into structures having a molecular weight of 30,000 and upward in water and in most 
cases have a high affinity for water. The protein molecule, therefore, becomes an enor- 
mous polyvalent amphoteric electrolyte. From this W. traces possible steps that might 
be taken in the building up of definitely oriented structural patterns by which these 
superatoms achieve, and are endowed with, special physical and chemical functions in 
the cell. G. W. S. 


HISTORICAL AND BIOGRAPHICAL 


Louis Munroe Dennis. A. W. Browne. ~Jnd. Eng. Chem., 22, 1257-8 (Nov., 

1930).—An appreciation with portrait. One of American contemporaries. D.C. L. 
H. B. Dixon. W.A.Bone. Nature, 126, 511-2 (Oct. 4, 1980).—An obituary 
of the late Professor Harold Bailey Dixon of the University of Manchester. 

Professor Dixon was born in 1852 and was educated at Oxford, taking first class in 
the Natural Science Group in 1875. After holding a Fellowship at Oxford, he suc- 
ceeded in 1886 Sir Henry Roscoe in the chair of chemistry at Owens College, Man- 
chester. This he held until his retirement in 1922, though he carried on investigations 
until his death, September 18, 1930. Professor Dixon is known to chemists, especially 
on account of his important and accurate work upon the rate and nature of gaseous 
explosions, on the effect of prolonged drying of gases upon their reactivity and upon 
ignition temperatures of explosive gases media. FB. BD: 





VoL. 8, No. 1 ABSTRACTS 173 


The Seventieth Birthday of Friedrich Emich. G. Jantscu. Chem.-Ztg., 54, 
685-6 (Sept. 3, 1930).—Dr. Friedrich Emich celebrated his seventieth birthday on Sep- 
tember 5, 1930. He was born in Graz as the son of an engineer, attended the Oberreal- 
schule at Laibach, and studied chemistry under R. Maly at the Polytechnic Institute of 
Graz. From 1885 to 1889 he was teaching at the Girls’ High School at Graz. In 1888 
he joined the faculty of the Polytechnic Institute at Graz where he has remained to this 
day. It was there that he conducted his fundamental microchemical researches. 

His first work dealt with the properties of gallic acid, biguanides, guanidine, and 
the amides of carbonic acid. Then he turned to inorganic chemistry. He became in- 
terested in nitric oxide, the imflammability of thin layers of explosive gas mixtures, and 
density determinations of gases at high temperatures. He prepared and studied 
titanium tetrafluoride. In 1893 he devoted his attention to the field of microchemistry 
and microanalysis which was little known at that time. From then on this field became 
his chief interest. It is due to him that today there are methods employed in the field of 
inorganic chemistry which allow the detection and determination of very small quantities 
of material. 

His first microchemical paper published in 1893 dealt with the determination of 
sulfur by oxidation with bromine and precipitation as calcium sulfate. Later he worked 
out microchemical methods of determining boric acid, heavy metals, rubidium, cesium, 
aluminum, zinc, mercury, sulfur, carbon, nitrogen, and others. By the use of very small 
centrifuge tubes and capillary tubes he developed a method of separating and analyzing 
extremely small quantities of materials (0.01 mg.). All kinds of operations were per- 
formed within the capillary. He simplified the construction of the micro-balance and 
increased their sensitivity. He constructed a Nernst balance with a sensitivity of 0.1 
x 10~* mg. and an electromagnetic balance having a sensitivity of 0.15 K 1074 m 

Besides numerous articles Dr. Emich has published the following two books “‘Lehr- 
buch der Mikrochemie’’ and ‘‘ Mikrochemisches Praktikum.”’ Eb. 

The Seventieth Birthday of Friedrich Emich on September 5, 1930. W. BOTTGER. 
Z. angew Chem., 43, 791 (Sept. 6, 1930).—A biography. E:S: 

Dr. Moses Gomberg. Sci. Mo., 380 (Oct., 1930).—Fortrait of president of the 
American Chemical Society for 1931. G. W. S. 

Fritz Haber on His 60th Birthday. Naturwissenschaften, 16, 1051-78 (Dec. 14, 
1928).—Entire number is devoted to the life and work of Fritz Haber. Contains ex- 
cellent portrait as frontispiece. 

Dr. Arthur Harden. Sci. Mo., 466 (Nov., 1930).—Portrait of Dr. Harden in his 
laboratory. Dr. Harden is professor of biochemistry at London University and head of 
the department of biochemistry at the Lister Institute. He shared with Professor 
Hans von Euler the Nobel prize in chemistry for 1929. G. W.S. 

(Ellwood) Hendrick: The Great Explainer. Epir. Chemist, 8, 3-4 (Oct., 1930).— 
An appreciation of Ellwood Hendrick, who died of pneumonia, October 29, 1930. 

R: LH 


Richard Kirwan, an Irish Chemist of the Eighteenth Century. J. REILLY AND 
N. O’Fiynn. Isis, 13, 298-319 (1930).—The Irish chemist and mineralogist, Richard 
Kirwan (1733-1812), wrote on a variety of subjects; divinity, metaphysics, logic, law, 
philology, music, mechanics, chemistry, mineralogy, mining, geology, and meteorology. 
He was a friend of Cavendish, Priestley, Ingenhouz, Cavallo, Black, and of many other 
men of science, and was honorary member of the Academies of Stockholm, Upsala, 
Berlin, Dijon, Philadelphia, and of the Mineralogical Society of Jena. He was Fellow 
of the Royal Societies of London and Edinburgh, honorary member of the Manchester 
Society, and president of the Royal Irish Society from 1799 until the time of his death. 
He published ‘‘Elements of Mineralogy’ (1784), ‘‘An Essay on Phlogiston and the 
Constitution of Acids” (1787), and ‘“‘Analysis of Mineral Waters’’ (1799). The ‘‘Essay 
on Phlogiston’’ was a vigorous defence of the doctrine. It was translated into French 
and the several portions of it were supplied with replies by Lavoisier, Berthollet, Four- 
croy, Morveau, and Monge. The French edition, with its notes, replies, etc., was trans- 
lated into English and published in London in 1789. In 1791, in a letter to Berthollet, 
Kirwan admitted his acceptance of the new chemical theory and offered to give a refu- 
tation himself to his own ‘‘Essay on Phlogiston.”’ The present article is accompanied 
by a portrait of Kirwan and a list of his papers in the Philosophical — and 
in the Proceedings of the Royal Irish Academy. yl ye Peo 8 

Dr. Irving Langmuir and Dr. A. W. Hull with the Thyration Power Tube. Sei 
Mo., 382 (Oct., 1930).—Portrait. G. W. §. 

‘Dr. William McPherson. Sci. Mo., 379 (Oct., 1930).—Portrait of ie of the 
American Chemical Society, 1930. G. W. S. 
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Charles Moureu. J. Am. Chem. Soc., 52, 31-5 (May, 1930).—An ee with 
portrait. Ho.-E. 
William Henry Nichols. J. Am. Chem. Soc., 52, 47-50 (June, 1930). —An aid 
with portrait. HH. Hi... 
Theodore William Richards Memorial Lecture. H. Hartitey. J. Chem. Soc., 
1937-69 (Aug., 1930).—An account of Richards’ life and work. Two portraits. 
W.H 


Karl Wilhelm Scheele. L.H.Roppis. J. Am. Pharm. Assoc., 19, 1017-9 (Sept., 
1930).—A brief account of the Swedish apothecary scientist of the 18th century. Ar- 
ticle contains illustrations of the Scheele corner in the Northern Museum at Stockholm, 
birthplace of Karl Wilhelm Scheele, and Scheele’s apotheke. RL. B. 

Paul Wagner. H. RoEssLerR. Chem.-Ztg., 54, 697 (Sept. 6, 1930).—Dr. Paul 
Wagner, who died at the age of 88, was born at Liebenau and studied at the Universities 
of Erlangen and Gottingen. In 1872 he was appointed director of the newly founded 
Agricultural Experiment and Control Laboratory of Darmstadt where he remained until 
October, 1923. 

During the fifty odd years of his connection with this laboratory he expanded the 
teachings of Liebig in the field of fertilizers and the cultivation of plants. He improved 
the methods employed for experimentation with plants, and was the pioneer of the arti- 
ficial fertilizer industry. 

He was the first one to discover that the Thomas slag obtained from iron ores repre- 
sented a valuable fertilizer. He also conducted numerous experiments with calcium 
cyanide and developed directions for its use. He published a large number of articles 
on the effect of potassium on plants. LS. 

Willis R. Whitney. See What Won’t They Do Next? on page 172. 

Doctor Harvey W. Wiley. Epit. Good Housekeeping, 91, 4 (Sept., 1930).—A 
belated tribute to the Director of the Bureau of Foods, Sanitation, and Health of Good 
Housekeeping by its editor. The occasion of the editorial was the death of Doctor Wiley 
on June the thirtieth of the current year. 

Doctor Wiley is characterized as the soul of integrity. He is further described as 
having simplicity, honesty, truth, honor, and strength. From a farm boy upon an 
Indiana farm he grew to become a fighter for the purity of a nation’s food supply. So 
well did he succeed that he was interred with the nation’s honored dead at Arlington. 

Bee. Hi. 

Some Scientific Instrument Makers of the Eighteenth Century. R.S. WHIPPLE. 
J. Sci. Instr., 7, 241-52 (Aug., 1930); ibid., 273-81 (Sept., 1930).—Cf. J. Cue. Epuc., 
7, 2198, 2996 (1930). RL e 

Solution of the Jabir Problem. J. Ruska. Archeion, 12, 163-5 (1930).—Ruska 
believes that the writings which have been described to Jabir are Isma’ilite compilations 
of the ninth and tenth centuries. pe a 

Seven Salts of Hermes. L. THORNDIKE. /sis, 14, 187-8 (1930).—An enumeration 
of the seven magisteria in an alchemical manuscript probably of the thirteenth century. 

tT... ®D. 


Testing of Substances among the Ancients. M. STEPHANIDES. Archeion, 11, 
375-94 (1930).—This well-documented article deals with such matters as testing by 
means of the senses, testing by mechanical means, testing by the fire and in solution, 
testing of minerals and metals, testing of waters, and the testing of various other prod- 
ucts such as oil, honey, butter, vinegar, perfumes, flour, urine, and medicines. Of par- 
ticular interest is the test, recommended by Dioscorides, in which a piece of papyrus 
previously soaked in the juice of nut-galls is dipped into a liquid which is suspected of 
containing iron. A black color on the papyrus indicates the presence of iron. This 
is perhaps the earliest case of the use of test paper. bk. D: 

The Greatest Datesin History. H.G.WeE..is. Forum, 84, 269-72 (Nov., 1930).— 
Of 15 dates given not one is directly concerned witha discovery in science. S.A. L. 

The Story of Fixed Nitrogen. See International Relationships in Chemical Manu- 
facturing as Illustrated in the Development of a World-Wide Fixed Nitrogen Industry 
on page 170. 

Glass. ANon. Silicate P’s & Q’s, 10(Oct., 1930).—Glass is a product of research. 
Sometime in the past in Mesopotamia, there lived a man who was more curious than his 
neighbors. His greatest pleasure was in trying to understand the world about him. 
One day, perhaps, he fell asleep while tending a fire under a baking oven. Awakening, 
he saw the bricks covered with glistening material. Remembering the source of the 
materials that went into the fire, and developing the hint thus brought to him, he learned 
to assemble the soda and white sand and to make a glass. Research is still going on. 
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The methods used in the past are now antiquated—ours, too, will be displaced by better. 

Our work must have behind it a note of idealism, a philosophy of life which makes our 

tasks seem worth doing. 1S Sid wel: 3 
Microchemistrys. See The Seventieth Birthday of Friedrich Emich on page 173. 


EDUCATIONAL MEASUREMENTS AND DATA 


Educational Tests for Use in Institutions of Higher Learning. J. S. KINDER AND 
C. W. Opetit. Univ. Ill. Bull., 27, 1-95 (Aug. 5, 1930).—The first 17 pages of this 
bulletin are devoted to introductory remarks on the following topics: the present 
status of standardized educational tests in institutions of higher learning, limitations on 
the use of achievement tests in these institutions, the purposes to be attained by the 
use of these standardized tests, planning a testing program, criteria for selecting tests, 
the present interest in examinations, especially those of the objective type, the compara- 
tive advantages and disadvantages of standardized tests and examinations constructed 
by classroom teachers, the administration of standardized tests, the literature on testing 
in higher education. 

The second portion of the bulletin, pages 18-52, is devoted to a list of recommended 
tests classified according to subject. The tests listed for chemistry are: 


Columbia Research Bureau Chemistry Test 
Forms A and B 


This is a comprehensive and thorough test based upon information found in most high-school 
and college texts. It is divided into three parts. Part I contains about 50 per cent of the test and 
deals with descriptive information; Part II has about 30 per cent and is devoted to formulas and equa- 
tions; Part III embraces about 20 per cent and consists of problems. Norms are based upon eight 
thousand cases. 110 minutes. 


Specimen set 20c, $1.50 per 25. 

World Book Company, 110 West Peachtree Street, Atlanta; 14 Beacon Street, Boston; 
2126 Prairie Avenue, Chicago; 1307 Pacific Avenue, Dallas; Manila, P.I.; Yonkers- 
on-Hudson, New York; Portland, Oregon; 149 New Montgomery Street, San Francisco. 


Iowa Placement Examinations, Revised, Chemistry 
Series CA1l—Aptitude and CT1—Training; Forms A and B of each 
This series is designed especially for college freshmen, to be used before or soon after the opening 

of the college term. The aptitude test consists of four parts: simple arithmetic of chemistry, ability 
to secure precise data from chemical paragraphs, chemistry reading comprehension, interesting chem- 
istry (measured by accuracy of common information). The training series consists of the following 
parts: knowledge of fundamentals of chemistry, valence, formulas, and equations, manufacturing proc- 
esses, fundamental chemical problems. 44 minutes each. 


Bureau of Educational Research and Service, Extension Division, State University of 
Iowa, Iowa City, Iowa. Specimen set 45c; $3.50 per 100. 


Moss-Loman-Middleton-Hubbard General Chemistry Test (George Washington 
University Series) 


The content of the first-year general chemistry course in college is covered. The test is com- 
posed of five subtests: completion or mutilated sentences, writing formulas, true-false statements, 
completing and balancing equations, solving problems. 45 minutes. 


Center for Psychological Service, 2024 G Street, N. W., Washington, D. C. 7c per 
copy, $5.00 per 100. 


Noll Tests in General Inorganic Chemistry 
Achievement and Laboratory Tests 
The Achievement Test is intended to be used to classify students entering a beginning course in 

college chemistry, or to measure those who have completed the course. The Laboratory Test is de- 
signed to measure some of the more intangible outcomes of laboratory instruction and may be used 
either alone or along with the Achievement Test. Its three parts deal with laboratory technic and 
information, the drawing of simple apparatus and diagramming of the set-up of apparatus required in 
particular experiments. Only tentative norms are available. Achievement Test, 100 minutes; Lab- 
oratory Test, 60 minutes. 


V. H. Noll, University of Minnesota, Minneapolis, Minn. Achievement Test, 6c 
per copy. Laboratory Test, 4c per copy. 


Roe-Hunt-Stubbs-Hubbard Organic Chemistry Test (George Washington Uni- 
versity Series) 

This covers the material of the first college course in organic chemistry. Part 1 measures knowl- 
edge of structural formulas; Parts 2 and 3, general information in the field of organic chemistry, in- 
cluding knowledge of principles, knowledge of compounds, and ability to balance equations; Part 
ability to solve problems. Norms are available for college groups. 45 minutes. 
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Center for Psychological Service, 2024 G Street, N. W., Washington, D. C. 7c per 
copy, $5.00 per 100. 

The third part of the bulletin, pages 53-93, is devoted to a selected and annotated 
bibliography. 

An appendix of publishers’ addresses will be found on pages 94-5. 

Address all communications regarding this bulletin to the Bureau of Educational 
Research, University of Illinois, Urbana, Illinois. REO. 

An Experiment in Teaching Laboratory Psychology by the Project Method. M. 
SHIRLEY AND K. Hevner. J. Applied Psychol., 14, 309-54 (Aug., 1930).—An experi- 
ment to determine the relative advantages of the routine method and a project method 
of teaching scientific method and statistical analysis in psychology. Two groups of 
students taught by each method were compared. The outline of the course is presented 
and the teaching procedure. Tables present the results of the experiment. Some con- 
clusions are: (1) Students taught by the project method do as well as those taught by 
the regular method when measured by objective tests. (2) The method is somewhat 
more successful when students who enjoy original work are allowed to select their own 
projects and other students go on with the regular work. (3) For the superior student 
either method is successful. (4) For the “‘average’’ student one method is as good as 
the other. (5) For the “‘inferior’’ student both methods fail. (6) The project method 
is especially valuable for the ‘‘discrepancy”’ student of more than average ability but 
with little interest in the rigid cut-and-dried course work. oP, 

A Comparison of Colored and Uncolored Pictures. W. P. MacLean. Educ. 
Screen, 9, 196-9 (Sept., 1930).—In an experiment to determine whether colored pictures 
were superior to similar pictures uncolored, 152 boys of J. Sterling Morton High School 
of Cicero, Ill., were used. There were 76 in the experimental group and 76 in the con- 
trol group. Two direct questions were asked concerning each of 10 pictures. It was 
found that colored pictures were decidedly superior where natural scenery and costumes 
play animportant part. For the other pictures, the uncolored produced nearly equal or 
slightly superior results. In 9 cases of 20, the colored pictures were superior for deter- 
mining the correct answers; in 5, the uncolored were superior; and in 6, there was very 
little difference. Of the colors used, red attracted the most attention for the amounts 
used. ‘‘The colored pictures produced a greater range and accuracy of report with _* 
of the 152 subjects. 4 ts 

Bugaboos in Education. See this title below. 

Rating of Teachers. See this title on page 177. 


THE PHILOSOPHY OF EDUCATION 


Bugaboos in Education. H.L. Buck. Sch. Exec. Mag., 50, 5 (Sept., 1930).—A 
discussion of the way in which intelligence tests, class size, and pupilload, ability group- 
ing, rating of teachers, achievement testing, and pension systems have worried the 
teacher. ‘‘Asa result of our unrest and hectic search, we may at last believe that teach- 
ing is standardized at the expense of real education, that education is not and never can 
be quantitative. Standardized facts and objective data are only incidental, the quali- 
tative development is vital. For education in its last analysis is life and life is a spiritual 
adventure.” < We. Bi. 

Whose Children Are They? H.C. Mayer. Forum, 84, 294-9 (Nov., 1930).— 
An educator sharply criticizes the effort of the schools to monopolize the training of the 
child. The home is a powerful influence in modern society, hence, instead of ignoring it, 
as they have endeavored to do, the schools should genuinely codperate with the home. 
“Parents have an important contribution to make which no teacher or school system will 
ever be able to provide.” S:. AE. 


THE PHILOSOPHY OF SCIENCE 


What Is Science? C.M. Jackson. Sigma Xi Quart., 18, 77-86 (Sept., 1930).— 
Science is a field of human endeavor which, together with philosophy, covers the field of 
the universe. It makes use of observation, classification, organization, and generaliza- 
tion; and is motivated by the desire to aid in the promotion of human welfare, and by 
the human trait of ‘‘scientific curiosity.” 

‘The dividing line between science and philosophy is not vertical and sharply de- 
fined. The division is rather to be thought of as horizontal in character. All branches 
of knowledge have a lower zone of verifiable scientific facts, and a higher zone, as yet 
unverifiable, of philosophic hypothesis.”’ B. 
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PROFESSIONAL 


Rating of Teachers. J. J. Puitirps. Ohio Teacher, 50, 189-90 (Jan., 1930); 
ibid., 223 (Feb., 1930).—A superintendent tells what he considers when rating teachers. 

How the child develops morally is one phase discussed and the writer gives what he 
considers indications that attention to such development is given. 

Personal appearance, sense of humor, how the supervised study is conducted, the 
teacher’s sense of relative values, codperation, the voice, punctuality, personal growth, 
self-control, and sincerity are other phases discussed. S. K.P. 

Helping the High-School Teacher. M. A. Norton. Ohio Teacher, 50, 209-10, 
226 (Feb., 1930).—The writer states and discusses the five greatest needs of the high- 
school teacher. They are: (1) a philosophy of life which includes a philosophy of 
education; (2) a broad sociological background; (3) content and method in the specific 
subject; (4) working knowledge of psychology; and (5) an understanding of the par- 
ticular pupilsand community. It is believed that much of the information needed must 
be obtained on the job. S. NaF: 

Our Hermit Professors. G. A. BLackBuURN. Sch. Exec. Mag., 50, 115 (Nov., 
1930).—One of the most disconsolate facts with respect to higher education is the uni- 
versal low opinion commonly held toward college teachers. Professors are notoriously 
absent-minded, impractical, improvident, and shrink from the rough contacts with harsh 
realities of the world of affairs. In defense they say, ‘‘We are the custodians of the 
world’s knowledge, the idealists, dreamers, and thinkers.”’ 

In doing this it is charged they have made the college campus too much like a 
monastery and not a place of sympathetic and animated observation of bustling human 
life. They have too often made impracticability the test of culture. Instead of re- 
garding education as a preparation for life, they sometimes give the impression of re- 
garding life as a stage set for the exhibition of clever little things learned in school. 

When the college professor is in closer touch with the life around him he is better 
fitted to teach young students who come under his tutelage. J. W..H. 

Schoolroom Learning. F. MatTeer. Ohio Teacher, 50, 181-2 (Jan., 1930).— 
An article concerning the unstable teacher. Symptoms are described, causative de- 
tails and some ways to obviate these. Talking too much and indecision are two of the 
prominent symptoms. Some factors causing instability on the part of the teacher are 
lack of orderliness, quietness, and haste. Instability of the teacher motivates the same 
condition in the child. Ss. R. P. 


CONTEMPORARY NEWS AND COMMENTS IN CHEMISTRY 
AND EDUCATION 


Report of National Advisory Committee on Education. See An Historical Educa- 
tional Document below. 

An Historical Educational Document. J. H. Newton. Sch. Exec. Mag., 50, 
70 (Oct., 1930).—A brief survey of the first report made by the National Advisory Com- 
mittee on Education July 4, 1930. Three tentative recommendations of major impor- 
tance are made (1) The Federal Government has an obligation to aid public education 
in the states, (2) The Federal Government should extend financial aid to education in 
the states but in a manner that will not violate other fundamental educational, political, 
social, and economic considerations basic to sound public policy, (8) adequate federal 
headquarters for education should be established. J: Wok: 

Some Remarks Apropos of the Project of Reform of the Nomenclature of Organic } 
Chemistry. V.Gricnarp. Bul. soc. chim. Romania, 12, 115-21 (Jan.-Apr., 1930).— 
A report made before the annual conference of /’ Union Internationale de la Chimie. 

W. G. 

The American Association for the Advancement of Science: Joint Meeting of the 
Executive Committee of the American Association and the Executive Committee of the 
Pacific Division. Science, 72, 371-2 (Oct. 10, 1930). G. H. W. 

The National Academy of Sciences. Science, 72, 372-8 (Oct. 10, 1930).—Papers 
presented at the autumn meeting of the National Academy of Sciences held i in California 
from September 18th to 23rd which are probably of interest to chemists were: 

Circulation of the waters of the Pacific Ocean as indicated by their physical and 
chemical properties, E. G. MoBERG. 

On the favorable action of certain fats and of the glycerides of certain single fatty 
acids on animals deprived of vitamin B, H. M. Evans and S. LEPKovsky. 

The origin of limestone caverns, W. M. Davis. 

On the production of high-speed protons, E. O. LAWRENCE and N. E. EDLEFSEN. 
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The effects of rediffusion of cathode rays upon X-ray structure, D. L. WEBSTER. 
H. Ciark, and W. W. HANSEN. 

The heat of formation of water, F. D. Rosin1. 

Diffusion of electrolytes and of colloids in aqueous solution, T. H. Liu and J. W. 
McBAIN. 
Titles and abstracts of all papers presented at this meeting are included in this 
report. G. 
The Activities of Mellon Institute of Industrial Research, Pittsburgh, Pennsylvania, 
U.S. A. E.R. WEIDLEIN. Reprint from The Industrial Chemist, 33 Tothill Street, 
London, S.W. 1., England. 12 pp.—rThe topics discussed are (1) the operating prin- 
ciples of the Institute’s research procedure, (2) new industries created at the Institute, 
(3) researches on fuel economy, (4) textile research, (5) the Institute’s fellowship system, 
(6) other activities. R.L. HH. 

Research on Fuel Economy at Mellon Institute. W. A. Hamor. Reprint from 
Combustion, Oct., 1930. Re. b. 

Preliminary Announcement, Indianapolis Meeting, A. C. S., March 30—April 2, 1931. 
See page 180. 

Change of Rules in 1930-31 A.C.S. Prize Essay Contest. See page 181. 

Regional Meeting of A. C. S. at Oberlin College. See page 181. 

William Barton Rogers Honored at University of Virginia. See page 184. 

Light Color Change Is Most Important Discovery of Raman, Hindu Nobel Prize 
Winner. See page 184. 

Hans Fischer Wins Nobel Prize Award in Chemistry. See page 185. 

Money to Aid Research Offered American Scientists. See page 195. 

Educational Reorganization at the George Washington University. See page 186. 

The All-University Curriculum of the University of Minnesota. See page 187. 

Fellowships and Scholarships for Study in Foreign Countries Open to American 
Students. See page 187. 

The Electrochemical Society Weston Fellowship in Electrochemistry. See page 189. 

Guggenheim Fellowships for Latin America. See page 189. 

Iniernational Institute of Intellectual Codperation. See page 190. 

The American Association for the Advancement of Science. See page 190. 

Montana Section, A.C. S. See page 190. 

Dr. McPherson Visits Local Sections, A.C. S. See page 191. 

Massachusetts Institute of Technology. See page 191. 

New Science Building at University of Nevada. See page 192. 

Jackling, Utah Copper Developer, Wins Mining Honor. See page 192. 

Einstein in the United States. See page 193. 

The Dow Chemical Company. See page 193. 

Dr. Bogert Reappointed by Department of Agriculture and National Research 
Council. See page 193. 

Ellwood Hendrick. See page 193. 

Death of Lord Brotherton. See page 194. 

Perkin Medal. See page 194. 

Scheele Medal. See page 194. 

Department Changes at Middlebury College. See page 194. 

Department News of the Tulane University of Louisiana. See page 194. 

Staff Changes and Department Progress at The Ohio State University. See page 
195. 

Department Changes at the University of Chicago. See page 195. 

University of Buffalo. See page 195. 

University of Florida. See page 196. 

Ira Remsen Society of the School of Mines and Metallurgy, University of Missouri. 
See page 196. 

Department Changes and Activities at the University of Virginia. See page 196. 

Colloid Lectures at University of Wisconsin. See page 197. 

Dr. Hale Lectures in Interest of American Chemistry. See page 197. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


Education as a Means of Social Control in China. Y.K.Cuu. Educ. Outlook, 4, 
193-9 (May, 1930).—A description and comparison of early education in China and 
the new movement since 1917. The relation of both forms of education to the respective 
contemporary social structures is indicated. 
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The new education in China is a result of social changes and is now being used 
consciously to direct and control the type of society which brought it into being. 

The dominant ideas of the new China are embodied in the ‘‘Three Principles of the 
People’: (1) ‘‘The Principle of People’s Nationality,’ calling for an independent 
China. (2) ‘‘The Principle of People’s Sovereignty,” and meaning that the masses 
shall have political power; and (3) ‘“‘The Principle of People’s Livelihood,’ seeking a 
happy mean between capitalism and communism. S. R. P. 

A State Experiment in Chemical Research. G. T. Morcan. Chem. & Ind., 49, 
739-48 (Sept. 5, 1930).—Cf. J. CHEM. Epuc., 7, 3001 (Dec., 1930). E.R. W. 

Research at Teddington, England. See A State Experiment i in Cuiniieas Research 
immediately above. 


Junior College Journal. A new national educational periodical, the Junior College 
Journal, will begin publication in October, 1930. It will be published by Stanford 
University Press, and will be under the joint editorial control of the American Associa- 
tion of Junior Colleges and the School of Education of Stanford University. The new 
journal will appear monthly with the exception of the summer months. 

Although there are more than four hundred junior colleges in the United States, 
with an enrolment of approximately sixty thousand students, there has been no periodi- 
cal devoted especially to their interests. It is felt, therefore, that the new journal will 
fill a place not occupied by any other educational journal and should have an important 
influence in the unification and progress of the junior college movement in American 
education. 

Dr. Walter C. Eells, of the Stanford University School of Education, will be editor- 
in-chief of the new periodical, with Doak S. Campbell, of Nashville, Tennessee, secre- 
tary of the American Association of Junior Colleges, as associate editor. A national 
editorial advisory board of twenty men will include the members of the executive com- 
mittee of the American Association of Junior Colleges, and other men who are recog- 
nized as national leaders in the organization and development of the junior college 
movement. 


Palladium Chemical Detects Deadly Gases. Warning of the presence in the air 
of carbon monoxide and other deadly gases such as hydrogen sulfide may now be given 
by a chemical in a handy little container similar in appearance to the first-aid ampules 
of aromatic ammonia. This carbon dioxide detector has been tested and found satis- 
factory by the Pittsburgh Experiment Station of the U. S. Bureau of Mines. 

The little ampule may be carried by the workman going into garages, sewers, mines, 
or other places where the air might be contaminated.” When the outer covering is 
crushed, a white filter paper or wad of white cotton soaked in palladium chloride is 
exposed to the air. Palladium chloride is a light straw color and does not discolor the 
white cotton, but as soon as it meets carbon monoxide or several other poisonous gases, 
the palladium is freed and the cotton turns gray or black, the intensity of the black 
depending upon the amount of the poisonous gas present. 

Unfortunately for scientific purposes, palladium chloride does not distinguish 
between carbon monoxide and several other gases, but for practical purposes this does 
not matter in the least, since none of the gases is recommended for breathing purposes.— 
Science Service 








PRELIMINARY ANNOUNCEMENT, 
INDIANAPOLIS MEETING, A. C. S., 
MARCH 30-APRIL 2, 1931 


Program 


The program of the Division of Chem- 
ical Education at the 8lst meeting of 
the American Chemical Society will in- 
clude a symposium on ‘‘Codperation 
between Industry and Chemical Educa- 
tion,’ two half-day sessions for the 
reading of miscellaneous papers, a meeting 
of the Senate of Chemical Education, 
a meeting of the Editorial Board of the 
JouRNAL OF CHEMICAL EDUCATION and 
The Chemistry Leaflet, a business meet- 
ing, a luncheon March 3lst, compli- 


mentary to all high-school teachers of 
chemistry in the Indianapolis area, and 
an all-day trip (April 2nd) to dedicate the 


new chemistry building at Indiana Uni- 
versity. 

Upon this last-named occasion, mem- 
bers of the Division will be the guests of 
Indiana University, and of the Lime- 
stone Association of the Bloomington 
Oolitic Limestone District. A compli- 
mentary luncheon will be served by the 
university, while the expense of the bus 
trip will be borne by the Limestone 
Association. 

Exhibits 


High-school chemistry classes every- 
where are invited to send exhibits to the 
Indianapolis meeting. A prize of $10.00 
is offered by the Division for the best 
one submitted. Free space will be 
reserved on request to the Local Secretary 
of the Division, but each exhibitor must 
assume all costs of packing, transporta- 
tion, breakage, and loss. 

Industries desiring to exhibit at the 
Indianapolis meeting should correspond 
with Epcar B. CarTEerR, Swan-Myers Co., 
Indianapolis. 

Papers 


By vote of the Council of the A. C. S., 


papers by American chemists not members 
of the A. C. S. shall not appear on the 
program unless they be joint papers with 
society members, and no papers may be 
presented at a meeting unless the title 
has been printed on the final program. 
Papers for the symposium on ‘‘Codépera- 
tion between Industry and Chemical 
Education” will be by invitation. 

Titles for papers designed to be read 
before the Division of Chemical Educa- 
tion should be sent as early as possible 
to the Secretary of the Division, while 
the completed paper together with two 
copies of an abstract must be received 
not later than March Ist. Manuscripts 
which reach the Secretary after this date 
will be held over, with the author’s 
consent, for a subsequent meeting. 

Papers read before the Division become 
the property of the society, and, if ac- 
ceptable for publication, will appear later 
in the JOURNAL OF CHEMICAL EDUCATION. 

Since the time available for each paper 
will be strictly limited, authors are 
earnestly requested to co6dperate as 
fellows: 

1. Condense the material so that it 
may be presented in 5-8 minutes, leaving 
time for adequate critical discussion, 
which should be one of the chief functions 
of our program meetings. In general, 
not more than fifteen minutes, including 
discussion, will be allotted any one paper. 

2. Organize significant features on 
slides, films, or in mimeographed form 
for distribution. 

3. Do not send in a title unless you 
expect to be present to read your paper. 


R. A. BAKER, Secretary, 

College of the City of New York, 
17 Lexington Avenue, 

New York, N. Y. 

Joun R. Kuesier, Local Secretary, 
for the Indianapolis Meeting, 

5503 E. Washington Street, 
Indianapolis, Ind. 
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CHANGE OF RULES IN 1930-31 A. C. S. 
PRIZE ESSAY CONTEST 


The Committee on Prize Essays of the 
A. C. §. has announced the following 
changes in the rules governing the 1930-31 
contest. 

Rule 3: From the hundreds of in- 
quiries received by the committee seeking 
an interpretation of Rule 3 as it should 
be applied to the different conditions 
existing in the individual schools it is 
apparent that Rule 3 cannot be uni- 
formly applied. Therefore Rule 3 .is 
herewith rescinded. 

Rule 11: The committee intends that 
every student-competitor shall receive 
guidance and supervision from his teacher 
in the preparation of his essay, whether 
the essay is a voluntary, independent 
effort, or a required part of the regular 
school work. The amount and manner 
of such guidance and supervision must, 
of course, be governed by the conditions in 
the particular school. Hence, the time, 


place, and method of preparing the essay 
are left to the judgment of the teacher. 


The committee is confident that the 
teacher will so codéperate in this matter 
that he can certify, as required by Rule 
11, that the essay is the original work of 
the student and was written under his 
guidance and supervision. 

Many inquiries have been received 
about typewriting the essays. The com- 
mittee prefers that the essay as finally 
submitted shall be typewritten, if type- 
writing facilities are available. However, 
it is assumed that the student will hand- 
write the earlier drafts of his paper. 


REGIONAL MEETING OF A. C. S. 
AT OBERLIN COLLEGE 


One hundred and eighty members of the 
American Chemical Society assembled at 
Oberlin College on November ist last for 
the seventh annual regional meeting of the 
sections of the society in Ohio and neigh- 
boring states. The codperating and in- 
vited sections were: Akron, Cincinnati, 
Columbus, Cleveland, Detroit, Erie, In- 
diana, Louisville, Lexington, Midland, 
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Pittsburgh, Purdue, Toledo, Kanawha 
Valley, Michigan State College, Uni- 
versity of Michigan, and Ohio Northern 
University. 

The meeting found the source of its 
inspiration in the historic environment in 
which it took place, 
the scenes of the 
labors of CHARLES 
M. HAtv in his 
study and discovery 
of the process of 
making aluminum. 
It was at Oberlin 
College that Hall’s 
enthusiastic re- 
searches developed 
with the encourage- 
ment of the late 
Professor Frank 
Fanning Jewett, 
and the visitors to the meeting had the 
privilege of seeing the first piece of alumi- 
num ever made by the present commer- 
cial process and of visiting the house in 
which Hall completed his work.* 

An exhibit of the newest developments 
in industry lent further interest to the 
occasion, showing as it did the tremendous 
recent growth of the use of aluminum 
decorative spandrels, shingles, grills, win- 
dow frames, medallions, etc., in modern 
architecture. The exhibit of “Alclad” 
sheets consisting of strong aluminum al- 
loys with thin layers of extraordinarily 
pure aluminum rolled on the outside lent 
additional weight to the masterly address 
of ZAy JEFFRIES, of the Cleveland branch 
of the Aluminum Company of America. 

The complete program, which was ar- 
ranged by a committee consisting of 
Dr. Harry N. Homes, chairman, Dr. 
A. P. Lorurop, and Dr. W. H. CuHapin, 
all of Oberlin College, follows: 


FRANK FANNING 
JEWETT 


’ 


9.30 a.m., Severance Laboratory 


1. Remarks by ErNEsT Hatcu WILKINS, 
president of Oberlin College. 


*See H. N. Hotmes, “The Story of 
Aluminum,” J. CHem. Epuc., 7, 233-44 
(Feb., 1930). 
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GUESTS AT THE REGIONAL MEETING oF A. C. S. SECTIONS AT OBERLIN COLLEGE VISIT 
THE HALL Housr (UPPER) AND SEVERANCE LABORATORY (LOWER) 
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2. The Colloidal Chemistry Involved in 
Pulp and Paper Manufacture. Harry 
F. Lewis, director of the Institute of 
Paper Chemistry, Appleton, Wis. 

3. The Nature and Measurement of 
Frictional Forces and Their Relation to 
Chemical Structure. E. KaArRRer, 
Goodrich Company, Akron, Ohio. 

. Cetyl-Sulfonic Acid as a Typical Elec- 
trolyte. J. W. McBarn, Stanford 
University, and RoBERT C. WILLIAMs, 
Firestone Tire & Rubber Company, 
Akron, Ohio. 

5. The Use of Molds in Chemical Manu- 
facture. Horace T. Herrick, U. S. 
Bureau of Chemistry and Soils, Wash- 
ington, D. C. 


Adjournment for Luncheon at 
Oberlin Inn at 12.30 


2.00 p.m., Severance Laboratory 


. The Structure of Aluminum Alloys. 
ZAY JEFFRIES, Aluminum Company of 
America, Cleveland, Ohio. 

. The Manufacture of Beryllium. H. S. 
Bootu, Western Reserve University, 
Cleveland, Ohio. 

. The Nature of the Highly Unsaturated 
Fatty Acids of the Brain. J. B. 
Brown, The Ohio State University, 
Columbus, Ohio. 

. The Chemistry of Some Metabolic 
Errors in the Living Organism. H. B. 
Lewis, University of Michigan, Ann 
Arbor, Mich. 

Adjournment at 5.00 p.m. for 
Inspection of the Laboratory 
Dinner, Oberlin Inn, 6.00 p.m. 


7.30 p.m., Warner Hall 


Half-hour concert by members of the 
faculty of the Oberlin Conservatory 
J. Howarp MatrHews, head of the 
chemistry department, University of 
Wisconsin, Madison, Wis. Address, 
Crime Detection by the Chemist. 


The JOURNAL acknowledges its indebted- 
ness to Dr. H. N. Holmes, of Oberlin Col- 
lege, for the accompanying photographs. 
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WILLIAM BARTON ROGERS 
HONORED AT UNIVERSITY OF 
VIRGINIA 


WILLIAM BARTON RoGErs, founder of 
the Massachusetts Institute of Tech- 
nology in 1859 and its first president for 
two consecutive periods 1865-1870 and 
1878-1881, was honored on his 126th 
birthday on December 7th, by the dedica- 
tion of a bronze tablet in the chemical 
laboratory at the University of Virginia, 
commemorating Dr. Rogers’ association 
with this institution as professor of natu- 
ral philosophy during the years 1835- 
1853. Natural philosophy in those days 
having included then known materials in 
physics, geology, hydraulics, chemistry, 
and astronomy, but perhaps more physics 
than any other one subject, it was appro- 
priate that Rogers’ identification with the 
University of Virginia should have been 
described by Dr. L. G. Hoxton, senior 
physicist at the university and the second 
successor to Dr. Rogers in the chair of 
physics. The tablet was presented by the 
Virginia Section of the Alumni of M. I. T. 
through its president, Mr. J. Scott Par- 
RisH of Richmond, Va. Dr. Epwin AN- 
DERSON ALDERMAN, president of the Uni- 
versity of Virginia, accepted the tablet. 
Dr. SAMUEL W. STRATTON, the president 
of the Massachusetts Institute of Tech- 
nology, spoke on the services of Rogers in 
connection with that institution. 


LIGHT COLOR CHANGE IS MOST 
IMPORTANT DISCOVERY OF RAMAN, 
HINDU NOBEL PRIZE WINNER 


The discovery that light of a single color, 
or wave-length, shining on certain trans- 
parent substances, is partly changed to 
other colors is regarded as the greatest 
accomplishment so far of Sir CHAN- 
DRASEKHARA VENKATA RAMAN, Hindu 
scientist who has just been awarded the 
Nobel Prize in physics. Named after its 
discoverer, this phenomenon is now known 
as the Raman effect, and it was first an- 
nounced in the spring of 1928. Research 
laboratories in all parts of the world are 
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now engaged in studying it, because it has 
opened up an entirely new field in the 
study of molecular structure. 

One of the 
first scientists 
to verify it, out- 
side of Sir Chan- 
drasekhara’s 
own laboratory, 
was Dr. R. W. 
Woop, of The 
Johns Hop- 
kins University. 
Working at the 
private labora- 
tory of ALFRED 
L. Loomis, Tux- 
edo Park, N® Y., Professor Wood con- 
siderably improved the original apparatus 
of the Indian scientist and detected the 
effect in the summer of 1928. 

The Raman effect occurs when mono- 
chromatic light (which is light of a single 
color or wave-length) shines on trans- 


Science: Service Photo 


parent substances, such as quartz, chloro- 


form, or water. Generally a mercury arc 
is used as the light source. The light that 
is scattered by the transparent material 
is mostly of the same color as that of the 
light illuminating it. The spectroscope, 
the instrument that analyzes light, how- 
ever, shows that part of this light is 
changed to wave-lengths a little longer or 
shorter than that of the source. That is, 
part of the light is either more reddish or 
more bluish. 

On the spectrum photographs, the result 
is a heavy line, representing the main 
color, attended on either side by narrower 
and fainter lines. The fainter lines on 
one side are arranged the same way as 
those on the other, except that they are 
reversed, as if reflected in a mirror, the 
center heavy line being the mirror. Sir 
Chandrasekhara, in his first experiments, 
found only a single and very faint line on 
the high frequency, or blue, side of the 
main one; but with the improved appa- 
ratus Professor Wood found groups of 
nearly equal strength on each side. 

The great importance of the discovery 
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came from the fact that the differences 
between the frequency of the exciting 
color, used to illuminate the substance, 
and the frequency of the additional, or 
Raman, lines is precisely the same as the 
frequencies of the infra-red absorption 
bands of the same substance. These ab- 
sorption bands, that is, the bands of color 
absorbed by the substance with infra-red 
light, or light vibrating too slowly to be 
seen, are very difficult to determine di- 
rectly, so the Raman effect was a very con- 
venient means of studying them. Thus 
it gave a new means of studying the prop- 
erties of the molecules of these substances, 
and of the structure of light. 

Incidentally, it was a rather convincing 
proof of the validity of the quantum theory 
of light, which supposes that light, and 
other radiations, consists of separate 
pulses, or quanta, rather than waves. 
Five years before the effect was dis- 
covered, it had been predicted, on the 
basis of this theory, so when it was de- 
tected it immediately provided good evi- 
dence in favor of the existence of light 
quanta. 

Sir Chandrasekhara was born in India 
on November 7, 1888, and graduated 
from the Presidency College in Madras in 
1904. In 1907 he joined the Indian Fi- 
nance Department, and after that held 
various scientific positions, finally becom- 
ing Sir Taraknath Palit professor of 
physics at Calcutta University and 
honorary professor at Benares Hindu 
University. In 1924 he visited the 
United States, following the meeting of 
the British Association for the Advance- 
ment of Science at Toronto, to attend the 
centenary celebration of the Franklin 
Institute in Philadelphia. After that 
he served for a time as research associate 
at the California Institute of Technology 
at Pasadena. In the same, year he was 
made a fellow of the Royal Society, the 
highest British scientific body. He was 
knighted in 1929.—Science Service 
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HANS FISCHER WINS NOBEL PRIZE 
AWARD IN CHEMISTRY 


The award of the 1930 Nobel Prize in 
chemistry to PROFESSOR HANS FISCHER of 
Munich, Germany, for his research on 
human blood is a recognition of the value 
of what is sometimes called pure science, 
meaning discoveries or developments 
which are of great theoretical importance 
but which may or may not have practical 
value. 

Professor Fischer’s recent noteworthy 
contribution was the synthesis, or labora- 


tory production, of hemin, which is one 
of the components of hemoglobin, the red 
coloring matter of the blood. 

Hemin has also been called the respira- 
tion ferment, said to rule the organic 


world. Inthe higher animals, hemoglobin 
is a transport agency for oxygen, carrying 
it from one place to another in the body, 
but the respiration ferment, hemin, takes 
up the atmospheric oxygen, which was 
transported by the hemoglobin, and 
transfers it to certain organic substances 
which in turn become oxidized. The 
respiration ferment or enzyme rules the 
organic world because in everything that 
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happens in living matter, respiration fur- 
nishes the driving force. It is found in all 
living ceils. 

Professor Fischer’s synthesis of hemin 
made possible the artificial production of 
hemoglobin itself, which is indispensable 
for the life of animals, especially mammals. 

When Professor Fischer announced this 
synthesis last year, scientists hailed it as 
an important contribution to the chem- 
istry of living matter. Some claims were 
made for it on practical grounds, but 
Professor Fischer himself did not agree 
with these views. 

“Contrary to many fantastic statements 
of the daily press no changes will take 
place in the field of therapeutics,” he 
said, ‘‘since hemin has been easily ob- 
tainable from blood for a long time. It is 
improbable that the intermediate prod- 
ucts of the syntheses and the numerous 
isomeric hemins, on which work is being 
done, will gain a practical importance, 
but their investigation is of interest from a 
theoretical viewpoint. In addition, the 
influencing of the metabolism of the 
blood pigment in this way is not prob- 
able since this probably depends upon 
sterins or substances closely related to 
them.”’ 

Professor Fischer was born at Hoechst- 
Am-Main in 1881. He studied at the 
University of Lausanne, at Marburg, 
where he received the degree of doctor of 
philosophy, and at Munich, where he was 
made a doctor of medicine. He has been 
on the faculties of various German uni- 
versities and is now head of the Organic- 
Chemical Institute of the Munich Tech 
nical High School. He has devoted him- 
self to studying the pigments of blood and 
bile and pyrrol chemistry.—Science Ser- 
vice. 


MONEY TO AID RESEARCH OFFERED 
AMERICAN SCIENTISTS 


To aid in research projects that would 
otherwise be handicapped by lack of 
equipment, the American Association for 
the Advancement of Science will dis- 
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tribute a total of about $3000 in grants of 
$50 to $500. 

Recipients of the grants are expected to 
make a report of the progress of their 
investigation within a year after the funds 
are given. The committee consists of 
Dr. WALTER S. ADAMS, astronomy; Dr. 
CHARLES P. BERKEY, geology; PROF. 
ARTHUR H. Compton, physics; Dr. 
KarL F. KELLERMAN, botany; PRoF. 
W. LasH MILuErR, chemistry; PRorF. 
GEORGE H. PARKER, zodlogy; PROF. 
OSWALD VEBLEN, mathematics, and Dr. 
WiLt1aM C. WHITE, medicine.—Science 
Service. 


EDUCATIONAL REORGANIZATION 
AT THE GEORGE WASHINGTON 
UNIVERSITY 


A new departure in administration was 
inaugurated with the opening of the one 
hundred and tenth academic year of the 
George Washington University, when the 
institution adopted the educational or- 


ganization which recently was effected for 
the purposes of overcoming standardiza- 
tion, accomplishing a return to the ‘‘mas- 
ter-fellow” relationship between teacher 
and student and restoring the democracy 
and community spirit which characterized 


earlier faculties. While not entirely new 
in its individual principles, the George 
Washington University plan is a distinct 
educational advance in their association 
in a comprehensive scheme. 

Freshman and sophomore students of 
the university, both pre-professional and 
those preparing for entrance to Columbian 
College, the senior college of letters and 
sciences, will be registered in the uni- 
versity’s newly established junior college, 
where their first two years of college work 
will be closely supervised by a corps of 
trained advisers. At the end of the sopho- 
more year students will receive junior- 
college certificates, terminating their col- 
lege careers at a logical point if they 
cannot or do not desire to continue; or 
certifying them to the senior college or the 
professional school of their choice. 

In the senior college special provision for 
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the discovery and development of creative 
ability in the individual student has been 
made through the adoption of a plan for 
independent study. Under this plan a 
student of demonstrated capacity with 
special interest in a course may be per- 
mitted to undertake independent study 
under the personal direction of the in- 
structor and freed from formal class re- 
quirements. The master’s degree, viewed 
as the rounding out of the cultural educa- 
tion, will be administered by the senior 
college, and it is expected that students, 
in the normal course of events, will take 
this additional year of study. 

The degree of doctor of philosophy will 
be administered by a council for graduate 
study, as a professional and purely re- 
search degree. The resources of the city 
of Washington in trained personnel for 
the direction of scholarly research and in 
source materials will be made available 
for a carefully selected group of mature 
students. 

Educational control will rest entirely 
with the faculty, operating through di- 
visions of study, while personnel adminis- 
tration will fall to the dean. Freed from 
administrative strictures and placed in 
sympathetic relationship to colleagues, 
the faculty member will be encouraged to 
do stronger and more creative work. 

Four divisions of study have been cre- 
ated—languages and literatures, mathe- 
matics and the physical sciences, the na- 
tural sciences and the social sciences. 
The grouping of curriculum departments 
under these divisions is based upon such 
factors as the relationship of content, the 
interrelation of methods and of pre- 
requisites, and similarity of background 
and viewpoint. 

In commenting upon the new organiza- 
tion, Dr. CLoyp Heck Marvin, president 
of the university, points out that the plan 
will succeed only in so far as the instruc- 
tional staff remembers that the teacher’s 
province is so to order the university en- 
vironment that the student will be in- 
spired to train himself, to be enthusiastic 
in the use of his mind and to be fearless in 
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the pursuit of knowledge. The freedom 
and companionship gained under the new 
plan provide opportunity for the stimula- 
tion of scholarly personality through the 
impact of character.—School and Society. 


THE ALL-UNIVERSITY CURRICULUM 
OF THE UNIVERSITY OF MINNESOTA 


Appointment by PRESIDENT L. D. 
CorrMAN of a general committee to super- 
vise the new all-university curriculum sets 
in motion a plan under which students 
selected by that committee may break 
through the bars between colleges and 
study the things they want, wherever they 
find them. 

This plan, worked out during the past 
year by a committee named by the presi- 
dent, was approved by, the board of re- 
gentson June 28th. Mistakenly described 
at that time as ‘‘an experimental college,” 
it is instead an experiment in student 
independence. On the campus it is said 
to be viewed as an important step away 
from over-organization and a breaking 
of red tape. 

The gist of the resolution approving the 
new idea is a sentence which empowers 
the committee ‘“‘to approve modifications 
of or substitutions in individual students’ 
curricula with the provision that the 
modifications or substitutions thus au- 
thorized shall be accepted for credit 
toward degrees.” 

This makes the committee an instru- 
ment for clearing the track in the interests 
of the ablest students and a court of 
appeals in cases where college restrictions 
seem to be working a hardship. 

On the general committee to supervise 
the new plan the chairman will be Pro- 
FESSOR JOHN T. TATE of the department 
of physics. With him will be DEAN Guy 
S. Forp of the graduate school; J. C. 
LAWRENCE, assistant to the president; 
HERBERT HEATON, extension division; 
Matcotm M. WILLEY, sociology; Ross 
A. GorRTNER, biochemistry; CLarRa M. 
Brown, home economics; CHARLES W. 
BOARDMAN, university high school; FRED 
ENGELHARDT, educational administration; 
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WILLiAM H. KIRCHNER, drawing and 
descriptive geometry; JoHN H. KuuHL- 
MANN, electrical design; CHARLES A. 
MANN, chemical engineering; LiLoyp 
H. REYERSON, chemistry; J. CHARNLEY 
McKIntey, medicine; E. T. BELL, bac- 
teriology; KATHERINE J. DENSFORD, 
nursing; Harotp F. WanHLguist, den- 
tistry; CarL W. WALDRON, dentistry; 
RALPH L. DOWDELL, mines; RaLtpH H. 
Dwan, law; WALTER R. MYERS, business; 
WiuiaM H. STEAD, business.— School and 
Society. 


FELLOWSHIPS AND SCHOLARSHIPS 
FOR STUDY IN FOREIGN COUNTRIES 
OPEN TO AMERICAN STUDENTS 


Announcement by Institute of Inter- 
national Education 


A limited number of foreign study fel- 
lowships are offered under the interna- 
tional student exchanges of the Institute 
of International Education to American 
students who wish to study abroad. These 
fellowships have been established as an 
international exchange in appreciation of 
those offered by American colleges to the 
nationals of the countries concerned. 


General Requirements for Eligibility 


A candidate applying for one of these 
fellowships must 


(1) Be a citizen of the United States or | 
of one of its possessions; 

(2) At the time of making the applica- 
tion be a graduate of a college, uni- 
versity, or professional school of 
recognized standing, or a senior 
who will have met this requirement 
before entering upon the fellowship; 
Be of good moral character and in- 
tellectual ability, and of suitable 
personal qualities; 

Present a certificate of good health; 
Possess ability to do independent 
study and research; and 

Have a practical reading, writing, 
and speaking knowledge of the 
language of instruction in the par- 
ticular country. 
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These opportunities are open both to 
men and to women. Preference in selec- 
tion is given to candidates under thirty 
years of age. 

Scholarship and fellowship holders must 
have sufficient money of their own to 
cover traveling, vacation, and incidental 
expenses. French steamship lines allow 
a reduction in steamship rates to French 
fellowship holders. In some _ instances 
free visas may be secured. 


For Study in Austria 


Several fellowships covering board, 
lodging, and tuition (a few providing for, 
free tuition only) are offered through the 
Austro-American Student Exchange. 
These fellowships are available for study 
at the institutions of higher learning in 
Austria. 

Applications must be submitted on or 
before February Ist. 


For Study 
The Czechoslovak Ministry of Educa- 
tion offers, through the American Czecho- 
slovak Student Exchange, several fellow- 
ships of 15,000 Czechoslovak crowns each 
(equivalent to about $500 which approxi- 
mately covers room, board, and tuition). 
These fellowships are available for study at 
The Charles University, the University of 
Technological Sciences, the Arts Academy 
and the Commercial College in Prague, 
at the Masaryk University and the Insti- 
tute of Technology in Brno and at the 
Komensky University in Bratislava. 
Applications must be submitted on or 
before February Ist. 


in Czechoslovakia 


For Study in France 


The Ministry of Public Instruction and 
the universities of France offer, through 
the Franco-American Student Exchange, 
a number of fellowships covering board, 
lodging, and tuition and some providing 
free tuition only. These fellowships are 
available for men or women at the Uni- 
versities of Grenoble, Lyon, Strasbourg, 
and Toulouse. The fellowships at Bor- 
deaux and at the Ecole Supérieure de la 
Metallurgie et de l’Industrie des Mines at 
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Nancy are designated for men. The 
Ecole Normale Supérieure de Sévres is 
for women and the one full fellowship 
at the University of Paris is available for a 
woman only. 

Applications must be submitted on or 
before February Ist. 


For Study in Germany 


The German universities, through the 
Akademischer Austauschdienst, the repre- 
sentative in Germany of the American- 
German Student Exchange, have estab- 
lished a number of fellowships covering 
board, lodging, and tuition. These fel- 
lowships are available for study at the 
Universities of Berlin, Bonn, Breslau, 
Frankfurt, Freiburg, Géttingen, Halle, 
Hamburg, Heidelberg, Kiel, Kéln, Leip- 
zig, Marburg, Munich, Miinster, Tiibin- 
gen and Wiirzburg, and at the techno- 
logical institutes at Danzig and Munich. 

Applications must be submitted on or 
before January 15th. 

For Study in Hungary 

The Hungarian Ministry of Education 
offers, through the American-Hungarian 
Student Exchange, several fellowships 
covering lunch and dinner at one of the 
students’ messes, lodging, and tuition. 
These fellowships are available at the 
University of Budapest, the Technical 
University of Budapest, the University 
Faculty of Economic Sciences, the Vet- 
erinary College, and the Music Academy, 
all in Budapest. 

Applications must be submitted on or 
before February Ist. 


For Study in Italy 


The Italian government offers, through 
the American-Italian Student Exchange, 
five fellowships covering board, lodging, 
and tuition. These fellowships are avail- 
able for study at the institutions of higher 
learning in Italy. Applications must be 
submitted on or before February [st. 


For Study in Spain 
The Spanish government, through the 
Junta para Ampliacion de Estudios and 
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the Ciudad Universitaria, offer several 
graduate fellowships, covering fees, board, 
and lodging. These fellowships are avail- 
able for study either at the University of 
Madrid or the Centro de Estudios His- 
toricos. Since these fellowships are on a 
direct exchange basis, a candidate should 
ascertain from the institution from which 
he graduates whether that institution has 
entered into the exchange agreement. 


For Study in Switzerland 


The universities of Switzerland offer, 
through the Swiss-American Student Ex- 
change, a number of tuition scholarships. 
In several instances these scholarships 
are supplemented by stipends covering 
board and lodging, or their equivalent, 
provided in the communities in which the 
universities are located. These scholar- 
ships are available at the Universities of 
Basle, Berne, Fribourg, Geneva, Lausanne, 
Neuchatel, and Ziirich and at the Eidgenos- 
siche Technische Hochschule in Zirich 
and the Handelshochschule in St. Gallen. 


Additional Opportunities 


In addition to the fellowships already 
described, the Institute of International 
Education administers the American Field 
Service Fellowships for advanced study in 
French universities, Germanistic Society 
of America Fellowship for study at a 
German university, and the Scholarships 
for the Junior Year Abroad. The Insti- 
tute also arranges for the placement of a 
number of American men in postes d’assis- 
tant d’Anglais in French lycées and 
écoles normales. 

Application blanks and further informa- 
tion concerning all these opportunities 
may be obtained from The Student Bu- 
reau, Institute of International Education, 
2 West 45th Street, New York, N. Y. 


THE ELECTROCHEMICAL SOCIETY 
WESTON FELLOWSHIP IN ELECTRO- 
CHEMISTRY 


This fellowship ($1000) is open to candi- 
dates who have completed an under- 
graduate course in some college, uni- 
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versity, or technical institution, and have 
received a degree of such institution. The 
candidates must possess marked capacity 
in carrying out research in electrochem- 
istry. 

The candidate must be under the age of 
thirty years at the time of the award of 
the fellowship. The award will be made 
without distinction on account of sex, 
citizenship, race, or residence. The award 
will be made for a term of one year, but 
the board of directors shall have the op- 
tion in its discretion of continuing the 
award to the same fellow. 

Applications for the fellowship for the 
academic year October 1, 1931, to June 1, 
1932, must be received by the secretary of 
the society before March 1, 1931. Appli- 
cation forms are obtainable from the 
secretary. 

The successful candidate may carry out 
research in electrochemistry at any insti- 
tution of learning approved of by the 
board of directors of the society. 

For further details apply to Coin G. 
FinK, secretary, The Electrochemical 
Society, Columbia University, New York 
City. 


GUGGENHEIM FELLOWSHIPS FOR 
LATIN AMERICA 


The Guggenheim Foundation fellow- 
ships have been made available by the 
trustees for students of Argentina and 
Chile. Citizens of Mexico have already 
been admitted and Cuba and other Latin- 
American countries will be added to the 
list later. ’ 

Five fellowships have been awarded to 
students from Argentina and seven to 
students from Chile. The arrangements 
for awarding fellowships in these two 
countries were made by Dr. FRANK 
AYDELOTTE, president of Swarthmore 
College and chairman of the foundation’s 
advisory board, and by Dr. EyYLer N. 
Srmmpson, the foundation’s representative 
in Mexico. 

These fellowships usually provide a 
stipend of $2500 for one year, with a 
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possibility of renewal and a travel allow- 
ance.—School and Society. 


INTERNATIONAL INSTITUTE OF 
INTELLECTUAL COOPERATION 


Nature reports that the sphere of work 
of the League of Nations’ Committee on 
Intellectual Codperation has recently 
formed the subject of a general inquiry 
by a committee specially constituted for 
the purpose at Geneva. In the light of 
this committee’s report, a number of pro- 
posals have been submitted to and ap- 
proved by the Assembly of the League 
with the object of defining a program and 
improving work in this field. Among the 
changes thus brought about is the con- 
stitution of committees of experts which 
will replace the formerly existing sub- 
committees of the League’s International 
Committee on Intellectual Codperation. 
An inquiry is to be initiated forthwith into 
the intellectual life of our time with special 
reference to methods of education at all 
stages in the different countries. The 
attention of governments is being directed 
to the utility of the work done by the 
bureaus responsible in the different coun- 
tries for international interchanges of 
publications, with the suggestion that they 
should be placed in a position to act as 
liaison between learned societies for ex- 
changes of their publications and should 
accordingly be provided with the neces- 
sary funds. The work of the Interna- 
tional Educational Cinematographic In- 
stitute, including the publication in five 
languages of the International Review of 
Educational Cinematography, is highly 
appreciated by the Assembly of the 
League; and governments are being asked 
to give their sympathetic consideration 
to the draft convention, prepared and 
circulated by the Institute, for the aboli- 
tion of customs barriers which interfere 
with the distribution of educational films, 
and generally to lend their aid and sup- 
port to the Institute. 

Nature also reports that the National 
Central Library and several other British 
libraries are taking part in an extensive 
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correlation scheme inaugurated by the 
International Institute of Intellectual Co- 
operation of the League of Nations. For 
several years this body has been endeavor- 
ing to collect information regarding the 
national and central libraries of different 
countries, with the view of creating a 
liaison between existing services. This 
was accomplished at the end of 1928, when 
a coordinating service of libraries was 
established by the International Institute. 
In order to increase the value of the co- 
ordination, at the request of an interna- 
tional congress of librarians held in 1929, 
there has just been issued a ‘‘Guide des 
services nationaux de renseignements du 
prét et des échanges internationaux’’ (Paris: 
Institut Internationale de Coopération In- 
tellectuelle, 1930). In this appear concise 
notices 6f the centers of bibliographical 
information in every country where they 
exist or are in process of organization, and 
in addition the addresses are given of all 
the bureaus for the international exchange 
of publications. Fifty-five nations or 
States are represented in the lists, an 
indication of the possibilities of this newly 
founded international service. 


THE AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


The fourth Cleveland meeting of the 
American Association for the Advance- 
ment of Science was held during the week 
of December 29, 1930. Dr. ROBERT 
A. MILLIKAN gave on the evening of the 
opening day the retiring presidential 
address. The Sigma Xi lecture on De- 
cember 30th was given by Dr. C. E. K. 
MEES. 


MONTANA SECTION, A. C. S. 


The meeting of the Montana Section of 
the A. C. S. in Butte on November 6th 
was the first the Montana Section has 
conducted in a city other than Bozeman, 
where its chartered headquarters are lo- 
cated. This meeting will, in all proba- 
bility, be the first of such meetings to 
be held in the fall and spring of each year. 
The chemists of Montana have hopes that 
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these meetings will become an established 
institution and that they will have a far- 
reaching and beneficent effect upon the 
inter-relationships of the chemical indus- 
tries and of chemicai education in the 
state. In addition, this institution will, 
it is hoped, do much to disseminate appro- 
priate chemical information and encourage 
the acquisition of chemical knowledge by 
direct experimentation and by the dis- 
cussion of past and present-day findings. 

The meeting occurred largely as the re- 
sults of the efforts of the chemists of 
Butte, Anaconda, and Bozeman and was 
held in Butte under the auspices of the 
State School of Mines of the University 
of Montana. Drs. A. E. KoeEnic, head 
of the department of chemistry of the 
School of Mines, and C. L. WILSON, pro- 
fessor of metallography, School of Mines, 
collaborated with Dr. O. E. SHEPPARD, 
chairman of the section, to make the meet- 
ing a success. 

Two papers were read after the business 


of the meeting had been transacted. 
R. C. Stanaway, chemist, Anaconda Cop- 
per Mining Co., presented ‘Analytical 
Methods in the Phosphate Plant’? and 
M. R. Hoyt, superintendent of the acid 
plant, Anaconda Copper Mining Co., pre- 
sented ‘“‘The Manufacture of Nitric and 


Sulfuric Acids.’’ A discussion followed 


each paper. 

Preceding the meeting the Bozeman 
delegation were the guests of the State 
School of Mines and were shown the 
physical and chemical equipment of the 
institution. Later, about 6.30 P.M., all 
of the chemists met at Gamer’s Café to 
banquet and to become acquainted. At 
this function, Dr. F. A. THOMPSON, presi- 
dent of the School of Mines, extended 
greetings. Other men who spoke at this 
occasion and aided in making this event 
outstanding in enthusiasm were Drs. 
KOENIG, SHEPPARD, and R. E. Kirk. 


DR. McPHERSON VISITS LOCAL 
SECTIONS, A. C. S. 


Science has announced the recent lecture 
tour of Dr. WILLIAM McPHERSON, presi- 
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dent of the A. C. S., in the course of which 
he visited twenty-two local sections of the 
society. These included Kentucky, In- 
diana, Illinois, Missouri, Kansas, Okla- 
homa, Texas, Louisiana, Alabama, 
Florida, Georgia, Tennessee, North Caro- 
lina, Virginia, and West Virginia. His 
lectures covered ‘“‘Methods of Nature,’ 
‘Reminiscences of Great Teachers of 
Chemistry,’”’? and ‘Chemistry of Organic 
Compounds of Titanium.”’ The tour ex- 
tended from October 27th to December 5th 
and was arranged by the local section 
officers committee, of which Dr. ELLIcE 
McDona_p is secretary. 


MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 


Plans for a new building with unusual 
provisions for fundamental research and 
advanced instruction in physics and chem- 
istry at the Massachusetts Institute of 
Technology have been announced by Dr. 
Kari T. Compton, president of the in- 
stitution. 

Funds for starting the building, which 
will join two wings of the present buildings 
on the east side of the main Technology 
educational group, are available from the 
gift of $2,500,000 donated by Mr. George 
Eastman in 1916, as a supplementary 
fund for additional educational buildings 
when needed. 

The new structure will be over 300 feet 
long, 60 feet wide, and will contain four 
stories, plus basement. It will include a 
well-equipped shop for the construction 
and maintenance of the delicate instru- 
ments used in research; a spacious lecture 
room, and a joint library and reading 
room for the use of the staff and students 
in physics and chemistry. The research 
rooms have been designed to permit the 
greatest flexibility in arrangements for 
future requirements. The construction 
specifications call for a structure of un- 
usual rigidity with foundations of heavy 
reinforced concrete to aid in eliminating 
vibration, a necessary requirement be- 
cause of the exacting standards of re- 
search in this field. 
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The importance of spectroscopy in the 
study of atomic and molecular structure 
which in the next decade seems certain to 
become the most important agency in 
chemical research, is recognized in plans 
for an additional separate spectroscopic 
laboratory to be housed in a building 
which will occupy a site in the quadrangle 
formed by the new physics building. The 
construction of the spectroscopic labora- 
tory presents features which have called 
for engineering rather than architectural 
design. The two floors of this laboratory 
will be supported on a foundation of 
unique design which will be entirely sepa- 
rate from that of the outer walls and the 
roof of the building. This foundation is 
to be more than three feet thick, and 
composed of alternate layers of sand, felt, 
transite board, ground cork, and re- 
inforced concrete. These elaborate pre- 
cautions are expected to entirely eliminate 
shocks and vibration from industrial 


processes in the neighborhood and the 


movement of traffic on adjacent high- 
ways. 

The spectroscopic laboratory will be 100 
feet long and 60 feet wide, and in addition 
to the extraordinary precautions to elimi- 
nate vibration, provisions will be made for 
maintaining extreme constancy of tem- 
perature. The equipment of the labora- 
tory includes a collection of the finest in- 
struments which have been gathered at 
Leland Stanford University by PROFEs- 
sor GEORGE R. Harrison, who this year 
joined the staff of the Massachusetts In- 
stitute of Technology as director of the 
research laboratory of experimental 
physics. 

In addition to the proposed physics and 
chemistry building, plans for a cryogenic 
laboratory for fundamental studies in the 
science of low temperatures are under con- 
sideration. These plans provide for a 
laboratory with the most advanced fa- 
cilities for this type of research, with 
plants for the production of liquid nitro- 
gen, hydrogen, and helium. Such a 
laboratory will place the institution in a 
unique position in America for carrying 
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on important physical and chemical in- 
vestigations. 


NEW SCIENCE BUILDING AT UNI- 
VERSITY OF NEVADA 


It has been announced in Science that 
CLARENCE H. Mackay, president of the 
Postal Telegraph Company, dedicated and 
laid the cornerstone of the new Mackay 
Science School building at the University 
of Nevada on October 24th for which Mr. 
Mackay gave the university $415,000. 
This brings the total gifts of the Mackay 
family to this institution to more than one 
and a half million dollars. JucGE GEORGE 
S. Brown, president of the Board of Re- 
gents, accepted the gift. 


JACKLING, UTAH COPPER DEVEL- 
OPER, WINS MINING HONOR 


Because by his development of Utah’s 
low-grade copper ore on a large scale and 
because he solved a critical powder short- 
age during the World War, DanreL C. 
JACKLING, president of the Utah Copper 
Company, has been selected to receive 
the 1930 William Lawrence Saunders Gold 
Medal by the American Institute of 
Mining and Metallurgical Engineers on 
October 31st, it is announced by Science 
Service. This medal is the annual recog- 
nition of notable achievement in mining 
and metallurgical engineering in the 
United States. 

The rise to fame of this year’s recipient 
is one of the romances of the country’s 
mining industry. Thirty-six years ago, 
young Jackling, a Missouri farmer’s son 
who had worked his way through the 
Missouri School of Mines, arrived at 
Cripple Creek, Colorado, with three 
dollars in his pocket. He had walked all 
the way from Colorado Springs, more than 
25 miles, because he was unable to pay the 
stage fare. Today he is regarded as one 
of the leading figures in the mining world. 

Mining authorities credit Mr. Jackling 
as having been the first to see in the low- 
grade copper ores of Utah a great source 
of mineral wealth. These low-grade ores 
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had been known for years but the methods 
of mining of earlier days were such that 
the Utah field was spurned by prospectors. 
Jackling foresaw that a large body of low- 
grade ore could be exploited profitably if 
large scale operation and improved ma- 
chinery were used. 


EINSTEIN IN THE UNITED STATES 


PROFESSOR ALBERT EINSTEIN, accom- 
panied by Dr. WALTER Mayer, of the 
University of Vienna, as scientific assis- 
tant, arrived recently in this country to 
undertake special research work at the 
California Institute of Technology and 
the Mount Wilson Observatory. He will 
leave this country again in February, 
returning by way of New York, to fill a 
lecture engagement at Oxford. 


THE DOW CHEMICAL COMPANY 


WILLARD Dow, son of the late Dr. 
HERBERT H. Dow, was recently elected 
by the board of directors of the Dow 
Chemical Company to succeed his father 
in the presidency of the company. The 
new executive, although but 33 years old, 
has had a wealth of experience in every 
phase of the company’s activities and has 
served for the past few years as its assis- 
tant general manager and assistant treas- 
urer. 


DR. BOGERT REAPPOINTED BY 
DEPARTMENT OF AGRICULTURE 
AND NATIONAL RESEARCH COUNCIL 


PROFESSOR Marston T. BocGert, of 
Columbia University, has been reap- 
pointed chairman of the Advisory Com- 
mittee to the Color and Farm Waste 
Division, Bureau of Chemistry and Soils, 
U.S. Department of Agriculture. 

He has also been reappointed by the 
National Research Council as a member 
of the Central Petroleum Committee, by 
whom the $500,000 fund supplied by Mr. 
Joun D. ROCKEFELLER, JR., and the 
Universal Oil Products Company is being 
allocated for research work, and under 
whom this work is being carried out. 
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ELLWOOD HENDRICK 


ELLWoop HENDRICK, curator of the 
Chandler Chemical Museum of Columbia 
University, died on October 29th last at his 
home in New York, in his 69th year. 
The following résumé of his career is 
quoted from Chemical and Metallurgical 
Engineering: Born in Albany in 1861, he 
went abroad to receive his education at the 
University of Zurich and returned to his 
native city to become manager of a chemi- 
cal works there for four years. For some 
twenty years afterward, however, he de- 


News Ed., Ind, Eng. 
Chem. 


REPRODUCTION OF PORTRAIT OF ELL- 
woop HENDRICK By AUGUSTUS VIN- 
CENT TACK IN THE DUNCAN PHILLIPS 
COLLECTION, WASHINGTON, D. C 


voted himself to business and stock 
brokerage in New York before he returned 
to his early interest, chemistry, in the 
establishment of Arthur D. Little, Inc., 
at Cambridge, Massachusetts. His talent 
for educational writing was fostered there 
and meanwhile it further expressed itself 
in the form of several of his published 
books. . . .In 1924 he was appointed 
curator of the Chandler Museum. Recog- 
nition of his gifted personality came to 
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him repeatedly from different societies 
as well as in the hearty reception of his 
books, among which the best known are: 
“‘Everyman’s Chemistry,” 1917; ‘‘Perco- 
lator Papers,” 1919; and ‘‘Modern Views 
of Physical Science,’’ 1925. 

An editorial in a recent issue of the New 
York Times remarks of Hendrick: ‘‘He 
once said, after speaking of Tyndall and 
Huxley and Duncan, that there was no 
one left who had the mastery of the art to 
write of science. If there were and are 
others, their number is now less by one.”’ 


DEATH OF LORD BROTHERTON 


Science has announced the death of 
‘Lord Brotherton, first baron of Wake- 
field, England, the founder of extensive 
chemical manufacturing plants throughout 
England and Scotland. Lord Brotherton 
was awarded in June of last year the 
Messel Medai by the Society of Chemical 
Industry [see J. CHEM. Epuc., 7, 2523-4 
(October, 1930) }. 


PERKIN MEDAL 


The American Section of the Society of 
Chemical Indus- 
try on January 
9th awarded the 
Perkin Medal for 
1931 to ARTHUR 
D. LirT_e, presi- 
dent of Arthur D. 
Little, Inc., Cam- 
bridge, Massa- 
chusetts. This 
medal is awarded 
on a basis of life- 
time achievement 
by a committee 

composed of representatives of five lead- 
ing chemical societies. 


SCHEELE MEDAL 


Science announces that Dr. OTTo Fo.in, 
professor of biochemistry at Harvard 
University, has been named as the first 
recipient of the Scheele Medal, awarded 
him by the Chemical Society of Stockholm. 
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Award of the medal was announced in 
connection with the dedication of the 
Institute for Biochemistry building in 
Stockholm. 


DEPARTMENT CHANGES AT 
MIDDLEBURY COLLEGE 


PROFESSOR CONANT VOTER, of Middle- 
bury College, sailed from Quebec, in 
September, for Europe, with his family. 
He will spend the winter in Southern 
France and Italy, and in the spring will 
tour through Germany, France, Holland, 
and England, visiting the laboratories of 
noted chemists and physicists. His sab- 
batical leave is made possible through the 
Walker Furlough Foundation of Middle- 
bury College. 

For the year 1930-1931, two new pro- 
fessors have been added to the staff of the 
department of chemistry at Middlebury. 
PROFESSOR J. S. THOMAS is in charge of 
the general and quantitative courses, and 
PRoFEssor E. B. WOMACK is in charge of 


the introductory and advanced organic 


courses. In Professor Voter’s absence 
PROFESSOR J. F. HALLER is acting chair- 
man of the department. 

Research has been started on the chem- 
istry of the hormones and the photochem- 
istry of the keto-acids. 


DEPARTMENT NEWS OF THE 
TULANE UNIVERSITY OF LOUISIANA 


Dr. RAYMOND FREAS has been ap- 
pointed associate professor of chemistry, 
teaching organic chemistry, to succeed 
Dr. S. A. Manoop, who now holds the 
Squibb’s Fellowship at Yale. Dr. Freas 
has been associate professor of chemistry 
for the past eight years at Louisiana State 
University and was formerly on the Tu- 
lane faculty. Professor Freas holds the 
Ph.D. from Johns Hopkins University and 
was for several years engaged in research 
work in the chemical warfare service and 
at Edgewood Arsenal. Mr. Raovut J. 
LaNpRY, M.Sc., has been appointed full- 
time instructor in chemistry to succeed 
Mr. J. C. Sums. Mr. Landry was for 
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the past two years instructor in chemistry 
at Southwestern. He received the mas- 
ter’s degree from Tulane in 1928. 

In the report of Dr. Mitts of the Na- 
tional Research Council, ‘‘Chemical Prog- 
ress in the South,’”’ Tulane University and 
the Howard Memorial Library at New 
Orleans have been designated as one of the 
five centers of technical information in the 
South. 

New equipment for research work in 
electro-organic chemistry has been in- 
stalled and work in this field has begun. 


STAFF CHANGES AND DEPARTMENT 
PROGRESS AT THE OHIO STATE 
UNIVERSITY 


The following are promotions in and 
additions to the junior staff in the depart- 
ment of chemistry: S. F. Wurrt (A.B., 
Ohio State); J. L. Quinn (A.M., Boston 
Coll.); F. M. Rickert (A.B., Bluffton 
Coll.);  P. J. Frory (A.B., Manchester 
Coll.); L. W. GzorcEs (A.B., Notre Dame 
Univ.); C. S. Smucker (A.B., Bluffton 
Coll.); R. L. McCreary (A.B., Ohio 
Northern Univ.). 

Mr. H. S. OLson (Ohio State) is a 
graduate assistant in the department of 
metallurgy. 

The following have been made assistants 
in the department of chemical engineer- 
ing: O. H. THompson (B.Ch.E., Ohio 
State); R. A. FisHER (M.Sc., Ohio State); 
T. G. Dixson (B.Ch.E., Ohio State). 
For several years Mr. Thompson has been 
in the employ of the B. F. Goodrich Co. 
Mr. Fisher has been chemical engineer of 
the Westinghouse Co., East Pittsburgh, 
for the past six years. 

Miss JANET Scott (A.M., Northwestern 
Univ.) recently became a member of the 
staff of Chemical Abstracts of the A. C. S. 

Mr. A. W. Boswortu of Roxbury, 
Massachusetts, is a research fellow in the 
department of physiological chemistry, 
where he is carrying on researches on the 
proteins of milk. 

Mr. Henry HOovvz is the present re- 
cipient of the N. W. Lord Fellowship in 
metallurgy, and is doing his investiga- 
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tional work in the department of metal- 
lurgy. 

Mr. Kermit GRovEs is a junior re- 
search assistant in the Engineering Ex- 
perimental Station and is conducting a 
research involving a study of foaming and 
priming under the direction of PROFESSOR 
C. W. Fou.xk in the department of chem- 
istry. Professor Foulk was also granted a 
sum of money by the graduate council to 
be used in studying certain other phases of 
the above problem. 

The graduate council has made grants to 
the following members of the chemical 
faculty for investigational purposes: PRo- 
FESSOR J. B. Brown, for a study of the 
chemical composition of the brain; to 
PROFESSOR W. L. Evans, for work in the 
field of carbohydrates; to PROFESSOR W. 
G. FRANCE, for researches on the stability 
of sols; to PRoFESSOR W. R. Brope for 
continuation of his work on absorption 
spectra. 


DEPARTMENT CHANGES AT THE 
UNIVERSITY OF CHICAGO 


M. O. ForEMAN (Ph.D., 1929), and Mr. 
R. W. JoHNSON have received appoint- 
ments in organic research in the depart- 
ment of chemistry. 


StanLEy D. Witson (Ph.D., 1916), 
professor and head of the department of 
chemistry and dean of the college of 
natural sciences at Yenching University, 
Peking, China, is a guest of the university 
for the academic year 1930-31. Professor 
Wilson has returned for advanced study 
and research in the department. 

W. H. ZaAcuarIsEN, of the University of 
Oslo, Norway, has been appointed an 
assistant professor in the department of 
physics. 


UNIVERSITY OF BUFFALO 


An Intersectional Meeting of the Sche- 
nectady, Syracuse, Rochester, Cornell, 
and Western New York Sections opened 
on Friday morning, November 28, 1930, 
at Hotel Statler. The morning sessions 
were held at the hotel; the afternoon 
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sessions were held at the Buffalo Museum 
of Natural Science. At dinner in the 
evening Dr. JoseEpH C. W. Frazer, of 
Johns Hopkins University, spoke on the 
subject of ‘Catalysis’ and included in 
his address a survey of the last few years’ 
work in that field, as well as a few words 
on the catalytic oxidation of carbon 
monoxide. 

On Saturday morning the meetings were 
held at Foster Hall on the campus. The 
‘morning sessions were devoted to addresses 
by Proressor G. HEVEsy, visiting pro- 
fessor at Cornell University, who spoke 
on the subject, ‘“‘The Chemistry and Geo- 
chemistry of the Titanium Group” 
and Dr. W. L. MILLER of the University 
of Toronto. After Dr. MILLER’s address 
symposia were held on biochemistry and 
the dyeing of rayon. 

At noon the officers of the intersectional 
meeting and those of the Western New 
York Section were tendered a luncheon by 
The University of Buffalo at the Saturn 
Club. The afternoon industrial trips were 
taken to the plants at Niagara Falls. 

The alumni of Alpha Chi Sigma fra- 
ternity held their initiation and banquet, 
Saturday afternoon and evening, under the 
auspices of Pi chapter, of Syracuse Uni- 
versity. 


‘ UNIVERSITY OF FLORIDA 


The twenty-seventh meeting of the 
Florida Section, A. C. S., was held in the 
chemistry-pharmacy building of the Uni- 
versity of Florida on Saturday evening, 
October 25th. The meeting was devoted 
to a symposium on chemical education 
and the following program was presented: 
“The Teaching of Chemistry in the High 
Schools,’ Pror. J. M. Pearce, Hills- 
borough High School, Tampa, Fla.; 
“High-School Preparation for College 
Chemistry,” Dr. F. H. HEATH, professor 
of chemistry, University of Florida; ‘“The 
JOURNAL OF CHEMICAL EDUCATION,” PROF. 
A. P. Buiacx, department of chemistry, 
University of Florida; ‘The Cincinnati 
Meeting of the A. C. S.,’”’ Individual re- 
ports from: Dr. Townes R. Letcu,‘head, 
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department of chemistry, University of 
Florida; Dr. V. T. Jackson, professor of 
chemistry, University of Florida; Dr 
Joun Conn, head, department of chem- 
istry, Stetson University, DeLand, Fla. 


TRA REMSEN SOCIETY OF THE 
SCHOOL OF MINES AND METAL- 
LURGY, UNIVERSITY OF MISSOURI 


Dr. J. H. GARDNER, professor of organic 
chemistry at Washington University, ad- 
dressed the Ira Remsen Society of the 
School of Mines and. Metallurgy, Univer- 
sity of Missouri, on November 5th on 
the subject, ‘‘Coal and Petroleum as a 
Chemical Raw Material.’’ A few years 
ago coal was not considered as anything 
but a fuel, and was used without any 
thought of conservation. The organic 
chemist, through his researches, has 
brought the derivatives of coal to the 
market and they are of far greater im- 
portance than coal used alone as a fuel. 
The advancement in the researches along 
this line have been much greater in the last 
fifteen years than all advancement before 
that time. From all indications, the ad- 
vancement in the next five or ten years 
will be far greater than in the last fifteen 
years, Dr. Gardner said. 

On November 19th Dr. L. F. YNTEMa, 
formerly with the University of Illinois, 
but now head of the chemistry depart- 
ment at St. Louis University, addressed 
the Ira Remsen Society on “Ammonia 
and Some of Its Derivatives.’’ He told of 
the electrodeposition of metals from liquid 
ammonia, and because ammonia is not a 
convenient thing to work with, he also dis- 
cussed results obtained by various substi- 
tutes such as formamide and acetamide. 
Following his talk he gave demonstrations 
of the electrodeposition of nickel and cad- 
mium. 


DEPARTMENT CHANGES AND 
ACTIVITIES AT THE UNIVERSITY 
OF VIRGINIA 


Few changes have been made this ses- 
sion in the teaching and research staff 
of the school of chemistry. Dr.” Ricu- 
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MOND T. BELL, who received his Ph.D. de- 
gree from Virginia last year, is now in- 
structor of inorganic chemistry. Dr. 
Epwin C. Marxkuam, formerly assistant 
professor of chemistry, has been appointed 
as a research associate in physical chem- 
istry. Dr. GUNTHER VON ELBA, a gradu- 
ate of the University of Berlin, has joined 
the staff as research associate in physical 
chemistry. 

Dr. Doucias G. HILt is continuing 
researches in the field of photochemistry 
under his appointment as research asso- 
ciate in physical chemistry. Dr. LYNDON 
F. SMALL is directing the Drug Addiction 
Laboratory, organized last year under the 
auspices of the National Research Coun- 
cil, Division of Medical Sciences. 

Record registrations in the University 
this fall will probably bring the total of 
those registered in chemical and chemical 
engineering courses well above 600 men. 

The 1930 public lecture on chemistry 
under the auspices of Alpha Chi Sigma was 
given on November 6th by Dr. HARRISON 
E. Howek, editor, Industrial and Engineer- 
ing Chemistry. ‘‘Chemistry in the Mod- 
ern Competition’ was the subject of a 
most illuminating description centering 
around the chemical contents of the now 
famous little brown bag which has re- 
vealed its secrets to audiences all over the 
United States. Casein plastics, hydro- 
genation, cellulose products, blue coal, 
silver ice, domestic tung oil, and acoustic 
bagasse filed out of the bag and across the 
long lecture table among scores of other 
chemical fabrications before the eyes of a 
capacity attendance. Alpha Kappa chap- 
ter yearly puts on this event as one of its 
several beneficial activities, and is to be 
congratulated on the choice this year of 
Dr. Howe of Alpha Beta Chapter at 
Michigan. 


Educational Statesmen. 


masters and puts them on the level of constructive statesmen. 
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COLLOID LECTURES AT UNIVERSITY 
OF WISCONSIN 


Science has reported that a series of lec- 
tures by Dr. Ross A. GorTNER, of the 
division of agricultural biochemistry, Uni- 
versity of Minnesota, was scheduled at 
the University of Wisconsin from Decem- 
ber 9th to 12th, under the auspices of the 
Wisconsin Alumni Research Foundation. 
The series included two general lectures 
on ‘‘The Application of Colloid Chemistry 
to Biological Problems’? and ‘‘Biochem- 
istry and the Problem of Organic Evolu- 
tion,”” as well as lectures before specific 
groups on his own researches in the field 
of colloid chemistry and the application of 
physico-chemical methods to biology and 
medicine. 


DR. HALE LECTURES IN INTERESTS 
OF AMERICAN CHEMISTRY 


On October 16th, Dr. Harrison HALE, 
head of the department of chemistry of the 
University of Arkansas, spoke before the 
Arkansas Congress of Parents and Teach- 
ers in their convention at Jonesboro, 
Arkansas, on “Increasing the Joy of 
Living”; on November 5th at Fort Smith 
before the state meeting of the General 
Federation of Women’s Clubs on ‘‘Chem- 
istry and Citizenship’’; on November 13th 
before the Science Club of Little Rock 
and on November 14th before the Chem- 
istry Section of the Arkansas Education 
Association on ‘‘Recent Advances in 
Industrial Chemistry.’”’ In each of these 
addresses the Women’s Club Study 
course on American chemistry, offered by 
the Division of Chemical Education of 
the American Chemical Society was 
brought to the attention of the audience. 
Dr. Hale is chairman of the division 
committee in charge of the course. 


I believe that by the right training of men, both as to the 
hands and the mind, we add to the wealth of the world. The far-reaching quality of 
the work that energetic educators are doing lifts them out of the ranks of mere school- 


They are the servants 


of democracy in a sense that no other public servants are.—WALTER HINES PAGE 





General Chemistry. Horace G. DEMING, 
Professor of Chemistry, University of 
Nebraska. Third edition, John Wiley 
& Sons, Inc., New York City, 1930. 
ix + 715 pp. 143 figs. 14 X 22 cm. 
$3.50. 

Great improvement in the appeal made 
to the student’s interest and in the method 
of presentation is apparent in the general 
chemistry texts today over those of 
twenty-five or thirty years ago. Dem- 
ing’s well-known book, the third edition 
of which appeared in August, 1930, il- 
lustrates this. According to the title 
page this is an “elementary survey em- 
phasizing industrial applications of fun- 
damental principles.” 

Frequent reference is made to common- 
place matters with which the student is 
already familiar; the pictures of indus- 
trial processes are unusually good; the 
statistics used are recent and well ar- 
ranged. The explanation of the meaning 
of scientific research (page 26) and the 
description of current research at the 
close of many chapters are most valuable. 
That ‘‘no inventor or patent attorney 
can afford to neglect suggestions likely 
to be contained in the periodic table’’ is 
interesting. 

Atomic structure is not discussed until 
the book is half complete, as the author 
does not wish ‘‘to have students building 
models of the chlorine atom before they 
have learned to generate chlorine in the 
laboratory” (page vi). Acids, bases, and 
salts are discussed for twelve pages be- 
fore the word ion is introduced, and a dis- 
cussion of ions is delayed to a later chap- 
ter. 

The reviewer would prefer more em- 
phasis upon the persons who have made 
chemistry that which it is today. Many 
are mentioned, but no photographs are 
given. Some men are as interesting as 
a porcelain plant, for example. One 
wonders where physics should be placed 


in Figure 1 (page 3); whether the student 
might not get the impression from page 
606 that radium is a light metal; if 
nickel forms more useful alloys than iron 
(page 64). 

But these are very minor details, and 
the book shows unmistakable evidence 
of thought and care in the selection and 
presentation of material. It contains 
much more than the average student can 
learn in a year’s course, which the author 
recognizes: 

“The instructor should select what he 
can make interesting, vivid, and of service 
in teaching the student to reason chemi- 
cally, and should be content to omit the 
rest. Too many teachers try to excavate 
the entire contents of a textbook by the 
steam-shovel method’’ (page vi). 

In a word the reviewer considers the 
book worthy of the rank of ‘‘excellent.”’ 

HARRISON HALE 


UNIVERSITY OF ARKANSAS 
FAYETTEVILLE, ARKANSAS 


Exercises in General Chemistry. Hor- 
ACE G. Demin, Professor of Chemistry, 
University of Nebraska, and Savut B. 
ARENSON, Associate Professor of In- 
organic Chemistry, University of Cin- 
cinnati. Third edition, John Wiley & 
Sons, Inc., New York City, 1930. xiv 
+ 298 pp. 20 figs. 14 X 22 cm. 
$1.80. 


This manual follows the order used in 
the third edition of Deming’s ‘General 
Chemistry” to which constant and satis- 
factory reference is made. 

The authors state its chief aims: 

“1. To make the student familiar with 
a few representative types of matter. 

“2. To reveal some of the general 
principles that govern the transformations 
of matter. 

“3. To afford some experience with 
the experimental methods by which chem- 
istry has won its advances” (page vii). 
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To reach these objectives 74 exercises 
covering 211 pages are given. This is 
followed by 77 pages on qualitative 
analysis. Exercises are adapted for a 
two-hour laboratory period with ad- 
ditional paragraphs for use if a longer time 
is available. Space is reserved in the 
text for the student’s record of his 
work. 

In each exercise references to the ‘‘Gen- 
eral Chemistry,” a general statement of 
the purpose of the experiment, list of ma- 
terials and of apparatus, and directions are 
given. Then a series of questions with 
space for answers or a blank table for 
results follows. These questions are well 
chosen and cannot be satisfactorily an- 
swered unless the student really has done 
the work. 

More special apparatus is required than 
is ordinarily used in a course in general 
chemistry, such as gas burets, apparatus 
for filtering hot liquids, and for filtering 
under diminished pressure. The hope is 


expressed “that the choice of exercises 
may not too often be determined by limi- 


tations in equipment’’ (page ix). There 
will be considerable opportunity for choice 
as all the work in the manual cannot be 
given in the time usually available. 

The authors have achieved the aims set 
for themselves. The reviewer would 
question the advisability of giving twenty- 
one physical and chemical properties in the 
first laboratory exercise. Twenty of these 
are defined while after “transparency” the 
only statement is ‘‘glass and celluloid”’ 
(page 4). The cut of the pipet on Figure 
5, page 21, is omitted. On page 40 it is 
stated ‘1 1. of oxygen, under the given 
conditions, weighs 1.42 deg.” 

But such mistakes are exceedingly rare 
and evidently the printer’s. The authors 
have done their work with care. The 
physical make-up of the book is attrac- 
tive and well done. Information of value 
concerning buffered solutions, indicators, 
solubility, vapor pressure, and density are 
given in the appendix. Even the inside of 
the covers is filled with helpful informa- 
tion. 
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Undoubtedly this third edition will 
prove useful and valuable as have the two 
earlier editions. 


HARRISON HALE 


UNIVERSITY OF ARKANSAS, 
FAYETTEVILLE, ARKANSAS 


College Chemistry Quiz Book for 
Kendall’s Smith’s College Chemistry. 
Ceci, V. Kinc, Pu.D., Assistant Pro- 
fessor, and WortH WADE, Pu#.D., 
formerly Instructor, both of Washington 
Square College, New York University. 
The Century Co., New York City, 1930. 
viii + 209 pp. 13 X 20cm. $1.50. 


This book, one of the Century Chem- 
istry Series, edited by Dr. James Kendall, 
was prepared for use with Kendall’s re- 
vised edition (1929) of “‘Smith’s College 
Chemistry.”’ The questions and exercises 
follow the text which, as is well known, fol- 
lows the established historico-systematic 
procedure. It begins with a few general 
topics. These are followed by oxygen, 
hydrogen, and other non-metallic ele- 
ments, then by the metals. The usual 
chapters on hydrocarbons, etc., are also 
included in appropriate places. Appendix 
B is devoted to oxidation-reduction equa- 
tions and Appendix C to a four-place 
logarithm table on pages which face each 
other. This last feature is a very desir- 
able one as the student has to do with 
many problems. 

The quality of paper, printing, and bind- 
ing are excellent and the size is a conven- 
ient one. 

Procedure employed for each chapter 4 
consists of one or more general statements, 
examples of problems, exercises, review 
questions, true and false statements, 
and statements to be completed by the 
students. For the last two items, space 
is provided with dotted lines. In addi- 
tion, for the last item, the student is di- 
rected to rewrite the false statements 
making them true without changing the 
context. 

The material is well selected and will be 
of much service to chemistry students of 
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college grade and to teachers, especially 
to the younger teachers of chemistry. 
C. A. BRAUTLECHT 


UNIVERSITY OF MAINE 
ORONO, MAINE 


Chemistry and Cookery. ANNIE LOUISE 
Maceop, Ph.D., Dean of the College 
of Home Economics, Syracuse Uni- 
versity, and EpirH H. Nason, Ph.D., 
Professor of Foods, Syracuse University. 
First edition, McGraw-Hill Book Co., 
Inc., New York City, 1930. xii + 545 
pp., 25 figs. 14 X 20.56cm. $3.50. 


The attempt to choose from the vast 
fund of chemical knowledge the principles 
most useful to the student of home eco- 
nomics is a problem of great interest as well 
as one which is attended with most serious 
difficulties. The authors of this text 
acknowledge the difficulties and forge 
ahead using a method of presentation 
based on the application of the theory of 
chemistry to home economics problems. 
From the standpoint of the foundation 
principles of education, the arrangement 
issound. Though not mentioned as such, 
the principles of the “unit method”’ are 
carried out especially in certain sections of 
the book, a few of which are mentioned as 
follows: the study of carbon dioxide, 
carbonates, and baking powder in succeed- 
ing chapters; the development of organic 
chemistry with the following consecutive 
groups: esters, oils, fats, soaps; carbo- 
hydrates .and flour; proteins and the 
cookery of eggs and meats. In these and 
other unit sections of the book, the inter- 
est of the pupil is kept on the purpose for 
which she learns the principles of chem- 
istry and there is no better way to aid 
the memory than by using, in various 
ways, the principles learned. 

The reviewer believes that certain parts 
of the first chapters could be extended to 
include more chemical applications, es- 
pecially in the laboratory work. For ex- 
ample, a few quantitative experiments to 
show the combining relationships between 
elements and to show valence would seem 
to make more vivid the calculation of the 
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weights of atoms and molecules as men- 
tioned in Chapters II and III. By means 
of a few such determinations, it is pos- 
sible to obtain a knowledge of the exact- 
ness of chemical changes and to lead stu- 
dents to think in terms of units of weight 
of the size of the hydrogen atom or of one- 
sixteenth the oxygen atom, which con- 
ception could nicely lead on to a discus- 
sion of the proton as a positive unit of 
matter. 

As another example of the inclusion of 
more laboratory experiments, it seems 
probable that the study of a few more ele- 
ments and compounds would make the 
student more familiar with the composi- 
tion of matter and the simple changes in 
matter which go on around us. It would 
also give her a more satisfactory technic 
in handling difficult apparatus. It could 
be recommended that the preparation of 
two or more colloids of a chemical nature 
would nicely amplify the study of the gen- 
eral principles for making colloids men- 
tioned on page 189. After such a study 
the application of these same methods to 
the preparation of certain foods, as men- 
tioned on page 498, would be especially 
valuable. 

Having in mind the aim of obtaining a 
foundation of chemistry which will be of 
value in later courses in home economics, 
it would seem that the book rather over- 
emphasizes the application of chemistry in 
cookery processes at the expense of other 
phases of home economics work. It is 
most important that students who con- 
tinue in many of the major lines of home 
economics have a course in elementary 
chemistry and in organic chemistry which 
will be a foundation for further chemistry 
courses to meet their advanced needs. 
The material of this text is uniquely 
planned for a very excellent course in 
chemistry and cookery. There is some 
question as to whether or not it would 
adequately meet the requirements of the 
general home economics student. 


NELLIE M. NAYLOR 


Towa STATE COLLEGE 
Ames, Iowa 
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Reactions and Symbols of Carbon Com- 
pounds. T. Ciinton Taytor, Ph.D., 
Associate Professor of Chemistry, Co- 
lumbia University. First edition, The 
Century Co., New York City, 1930. 
x + 704 pp. 14 X 21cm. $4.00. 


Like the great American novel the 
great elementary textbook of organic 
chemistry has probably not been written. 
However, there have been several laudable 
efforts during the last few years to pro- 
duce a work which would get away from 
the old orthodox and rather dull, unsyste- 
matic treatment of the subject. The 
present book is such an effort and, on the 
whole, as it seems to the reviewer, quite 
a successful one. 

The extent and detail of this text is 
such that it should serve for a very com- 
plete one-year course and possibly, sup- 
plemented by reading assignments in more 
advanced books, for an additional half- 
year course. The author has attempted 
to develop the subject on the basis of ex- 


perimental experience, and to bridge the 
gap, which undoubtedly exists in the 
minds of most of our students of elemen- 
tary organic chemistry, between theory 


and practice. The author’s desire is as 
he says ‘‘to help the student help himself 
by showing him how a set of experimental 
data may be interpreted in the light of 
current chemical concepts.”’ 

Undoubtedly, Professor Taylor has 
succeeded in what he has tried to do and 
the result is a sustained, logical treatment 
in which the symbols and equations pos- 
sess a vitality and reality not commonly 
met with in elementary science texts. It 
should be repeated that the effort is sus- 
tained because all too frequently a writer 
starts out with a novel and often useful 
method of treatment which weakens and 
fades out after the first hundred pages or 
so. It is interesting to note that the in- 
terpretation of reactions by means of the 
electronic theory of valence has not been 
used to any extent and is not mentioned 
until Chapter VI. This seems to the 
reviewer to be a good thing because it has 
been his experience with elementary classes 
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that the students have more difficulty 
in mastering the mechanism of the elec- 
tronic theory than they do in learning the 
facts for which it is supposed to be a mne- 
monic. In connection with this the 
author erroneously has attributed the 
book ‘Valence’? (Chemical Catalog Co., 
New York City) to W. K. Lewis, instead 
of to G. N. Lewis. 

In the way of adverse criticism it may 
be said that some of the chapters lack 
“meat.’’ An increase in the number of 
reactions and properties might have added 
to the usefulness of the work without 
lengthening it unduly. Another minor 
complaint of quite a different sort has to 
do with the author’s tendency to use ionic 
reaction equations whenever an inorganic 
compound or element is involved. He 
speaks of adding non-ionic alcohol to 
ionic (implied) acid dichromate. While 
this has usually been done in the past, it 
is doubtful whether, in the light of present 
knowledge, it is wise to draw such a sharp 
distinction between the two classes of 
compounds. 

On the whole Professor Taylor’s effort 
is a valuable addition to our array of 
organic chemistry texts. Not the least 
of its merits is the excellent quality of the 
printing. Even the notes in small print 
can be read easily and without strain, and 
the formulas and equations are set down 
in an unusually clean-cut fashion. 

GREGG DOUGHERTY 


PRINCETON UNIVERSITY 
PRINCETON, N. J. 


Recent Advances in Physical and In- 
organic Chemistry. ALFRED W. STEW- 
ART, D.Sc., Professor of Chemistry in 
the Queen’s University of Belfast. 
Sixth edition, Longmans, Green & Co., 
New York City, 1930. xi+ 387 pp. 32 
figures, 5 half-tone plates. 21.5 X 14 
em. $7.00. 


The sixth edition of this well-known 
work will not disappoint those who have 
read any of the earlier editions. The rec- 
ord of the works of pioneers is always 
interesting and as told by Doctor Stew- 
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art in “‘Recent Advances’’ is fascinating. 
Of importance to many in connection with 
recent work is the fact that the writer 
has ‘‘borne in mind that some... readers 
are not professed mathematicians.’”’ The 
essential mathematical treatment is pres- 
ent but in such form that all may read 
with interest and profit. 

To make room for fresh material three 
chapters of the previous edition are omit- 
ted, but even so the later edition contains 
75 additional pages. The old material 
has been brought up to date and several 
new chapters added dealing with line, 
emission band, and continuous emission 
spectra, the Donnan equilibrium, and 
flame reactions. The latest work on all 
the recently discovered elements is in- 
cluded. The subject of cosmic rays is 
carefully discussed. 

To criticize an author’s choice of what 
should appear in a work of this kind is easy 
but rather unfair. Things apparently im- 
portant to one may not seem so to another. 
Perhaps the recent theories of the elec- 
tron have, at present, slight bearing on 
chemistry and the mathematics of these 
theories is undeniably uninviting to many. 
Nevertheless, the reviewer believes the 
book would be improved if an elementary 
treatment of the subject were included. 
He also regrets that the discussion of Bon- 
hoeffer’s work on parahydrogen is not 
more extensive. 

The excellence of ‘‘Recent Advances” i 
considerably enhanced by the very abun- 
dant footnotes and references. A good 
“Chart to Illustrate the Disintegration 
Series of the Radio-Elements”’ is included. 
This is a book every teacher and advanced 
student should own. 

MALCOLM M. HARING 


UNIVERSITY OF MARYLAND 
COLLEGE Park, Mp. 


Matter and Energy. An Introduction by 
Way of Chemistry and Physics to the 
Material Basis of Modern Civilization. 
GrERALD WENDT, formerly Dean, and 
Oscar F. Smita, Assistant Dean, School 
of Chemistry and Physics, The Pennsyl- 


JOURNAL OF CHEMICAL EDUCATION 


JANUARY, 1931 


vania State College. First edition, 
Volume 1, P. Blakiston’s Son & Co., 
Inc., Philadelphia, 1930. xiv + 335 
pp. 64 illustrations. 19.25 X 13.25 
cm. $1.50. 


This book contains the material covered 
in the introductory course combining 
chemistry and physics given at the Penn- 
sylvania State College. All students in 
the School of Liberal Arts and the School 
of Education are required to take this 
course. 

No distinction is made between chem- 
istry and physics but basic material is 
selected to illustrate the fundamental 
aspects of energy and matter. The book 
is intended to stimulate thinking and re- 
lieve the student from taking lecture notes 
upon the subject matter. The text in- 
troduces general or topical questions in 
each chapter and is to be used as reference 
material to aid in the discussion of experi- 
ments. The experiments are presented 
by the demonstration-discussion method. 
Each chapter ends with assignments and 
suggestions for outside reading. A list of 
questions stimulates thought and serves 
to fix the material by requiring original 
and independent work by the student. In 
the words of the authors “‘this first volume 
is an inquiry on the nature of matter and 
of energy. Its plan is to lead the student 
by the most direct path to the fundamen- 
tal concepts—molecules, atoms, protons, 
electrons, and radiation and thus to a 
structural picture of the basic components 
of the universe.’’ A second volume will 
soon be published and will discuss the 
practical application of these fundamental 
concepts. 

A survey of the material is best indi- 
cated by the chapter headings. 


Chapter I. 
Chapter IT. 


A Question of Value; 

A Question of Impor- 
tance; 

A Question of Perspec- 
tive; 

Things in General; 
Material Differences; 
Solidity and Dispersion; 


Chapter III. 


Chapter IV. 
Chapter V. 
Chapter VI. 
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The Effect of Tempera- 
ture; 

Transformations of Mat- 
ter; 

Pressure in Chaos; 
Molecules in Motion; 
Energy in Waves; 
Electrons; 

Positive Rays; 

X-Rays; 

Radium; 

Within the Atom; 

The Foundation of Chem- 
istry; 

Chapter XVIII. What Next? 


Chapter VII. 
Chapter VIII. 


Chapter IX. 
Chapter X. 
Chapter XI. 
Chapter XII. 
Chapter XIII. 
Chapter-XIV. 
Chapter XV. 
Chapter XVI. 
Chapter XVII. 


In the last few years teachers of chem- 
istry have heard a great deal about the 
subject presented for its cultural value 
rather than for technical training. In 
fact the first text written for students of 
pandemic chemistry has just been pub- 
lished. ‘‘Matter and Energy” has ex- 
tended the field to cover physics, thus once 
again emphasizing the rapid disappearance 
of the boundary line between the two 
sciences. Ifa student is to have no other 
training in these subjects a study of this 
text will aid him in gaining some compre- 
hension of the modern physical sciences. 
One wonders however just how much can 
be accomplished by references to college 
texts of physics and chemistry without 
the necessary technical background. 

The book is well written, the illustra- 
tions are excellent, and the publishers have 
used good paper and provided a suitable 
binding. Teachers of chemistry will find 
this book an interesting addition to the 
reference shelf, not only because of its 
contents but also as an example of a novel 
experiment in liberal education. 

R. N. Maxson 


UNIVERSITY OF KENTUCKY 
LExIncTon, Ky. 


Optical Activity and High Temperature 


Measurements. F. M. JAEGER, Uni- 
versity of Groningen, George Fisher 
Baker Non-Resident Lecturer at Cor- 
nell University, 1928-29. McGraw-Hill 
Book Co., Inc., New York City, 1930. 
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em. $4.00. 


This reasonably priced book, consider- 
ing its size, makes available to a wider 
audience a series of scholarly lectures de- 
livered by Professor Jaeger at Cornell 
University during the second semester of 
1928-29 under the George Fisher Baker 
Non-Resident Lectureship in Chemistry. 
The introductory lecture, 19 pages, is a 
general discussion of ‘“‘The Present and 
Future State of Our Natural Resources.” 
The other lectures are devoted to asym- 
metry and optical activity, high-tempera- 
ture precision measurements, and the 
structure of ultramarine, three fields of 
research in which Professor Jaeger is an 
outstanding authority. 

In the first section, ‘Spatial Arrange- 
ment of Atomic Systems and Optical Ac- 
tivity,” 212 pages, the complex salts are 
given special attention. The following 
subjects are discussed: elements of sym- 
metrical figures; Pasteur’s law, asym- 
metric atoms; non-superposable sym- 
metry; symmetry and resolvability of 
complex salts; structure of inorganic com- 
plexes; measurement of optical rotation; 
various types of complex salts (six lec- 
tures); asymmetrical photosynthesis; cir- 
cular dichroism. The second section, 
‘Methods, Results, and Problems of Pre- 
cise Measurements at High Tempera- 
tures,’ 167 pages, is composed of the fol- 
lowing chapters: fundamental principles 
and problems; surface tension; specific 
gravity and viscosity; electrical conduc- 
tivity; internal friction; specific heat. 
The concluding chapter, 39 pages, is on 
“The Constitution and Structure of Ultra- 
marine.” 

These lectures are a striking example of 
the value of visiting lectureships in bring- 
ing to us authoritative first-hand accounts 
of research in other laboratories, especially 
in Europe. This statement applies par- 
ticularly to Professor Jaeger’s discussion 
of the optical properties of complex salts, 
a field that has never received much at- 
tention in this country, as is shown, for 
example, by the dearth of references to 


137 figures. 
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American literature in this section of the 
It is interesting to recall in this 
connection that the first resolution of an 
inorganic complex salt was carried out by 
an American student working in Werner’s 
laboratory. 

Cornell’s department of chemistry is 
to be congratulated on its choice of a lec- 
turer and to be thanked for sharing the 
benefits of its Baker Lectureship with 
other chemists. Professor Jaeger could 
not have left a more valuable souvenir 
of his visit to this country. 


book. 


LAWRENCE W. Bass 


MELLON INSTITUTE OF 
INDUSTRIAL RESEARCH 
PITTSBURGH, Pa. 


Einfiihrung in Die Mathematik Fiir 
Biologen und Chemiker. LEONOR 
MICHAELIS, University of Berlin. 
Julius Springer, Berlin, 1927. vi + 
313 pp. 116 figs. 14 X 22cm. Rm. 
16.50; bound, Rm. 18.00. 


The author introduces the subject by 
a brief review of a few theorems of ge- 
ometry and algebra; the trigonometric 
functions are mentioned and series are 
defined. The second chapter covers the 
field of analytical geometry and the gra- 
phic representation of the usual analytical 
and transcendental functions. In the 
next two chapters the author presents the 
concepts of the differential and integral cal- 
culus in the usual fashion as found in any 
of the numerous books on the subject. 
However, the attempt is made to connect 
the subject matter of mathematics with 
the fields of chemistry and biology by pre- 
senting and solving problems taken from 
these sciences. It is felt that these prob- 
lems are not sufficiently numerous. 
Every one should be in complete agree- 
ment with the author’s idea that students 
of chemistry and biology should be trained 
most thoroughly in certain branches of 
mathematics. The best way no doubt to 
teach the use of mathematics lies in its 
application to actual problems. It is 
hoped that the author will be later able 
to enrich his volume by many more ex- 
amples taken from the field of science that 
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he is interested in. The fifth chapter 
covers the theorems of Taylor and Mac- 
Laurin regarding series. Fourier series 
are mentioned. A necessarily brief dis- 
cussion of differential equations is pre- 
sented in the sixth chapter. The addi- 
tion of a chapter (Chapter 8) on the 
theory of errors is of course quite in order 
in a book meant to be used by experimental 
scientists. The treatment seems ade- 
quate for an introduction to the subject. 
Again it is felt that this interesting volume 
can be made even more useful by the in- 
clusion of many more problems. 
S. C. LInp 


UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINN. 


The Metallurgists and Chemists’ Hand- 
book. Compiled by DonaLtp M. Lip- 
DELL, Member of Weld & Liddell, econo- 
mists and engineers; member M.M. 
S.A., A.I.M.E., Inst. of Metals (Brit.). 
pp. 10.5 X 17.25 cm. $5.00. Third 
edition, McGraw-Hill Book Co., Inc., 
New York City, 1930. vii + 847 pp. 
10.5 K 17.25cm. $5.00. 

The third edition of this excellent hand- 
book, although enlarged by one-third over 
the 1918 edition, still fulfils its purpose of 
supplying to the metallurgist and chemist 
the most necessary physical and chemical 
tables in a form so compact that it may 
be carried by the traveler or prospector 
without undue weight added to his kit. 

In addition to a complete index the book 
is divided into twelve sections: Mathe- 
matics; Price and Production Statistics; 
Physical Constants; Chemical Data: 
Sampling, Assaying, and Analysis; Ore 
Dressing; Cyanidation; Fuels and Re- 
fractories; Mechanical Engineering and 
Construction; General Metallurgy; Or- 
ganic Chemistry; First Aid. 

The mathematical section covering fifty 
pages includes tables of weights and meas- 
ures and money both U. S. and foreign, 
fundamental equations in algebra, trigo- 
nometry, geometry, and calculus, various 
tables of interest, squares, cubes, etc., 
and the usual trigonometric tables. 
Metallurgical price and production sta- 
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tistics is most complete, the monthly 
prices of the most common metals covering 
periods of twenty years and production 
throughout the world for five years. 
Physical constants of the inorganic com- 
pounds is rather brief, about 500 elements 
and compounds being included instead of 
3000 to be found in a typical chemical 
handbook. “Chemical Data,” a section 
of 90 pages, deals with the structure of 
the atom, the properties of the common 
elements, qualitative analysis of the metals 
and acids, and tables of chemical proper- 
ties. Following this the essentials of 
sampling, fire-assaying, and metallography 
are covered as is the quantitative deter- 
mination of the common elements in 
table form. Ore dressing is quite com- 
plete with quantities of data on the prac- 
tice of crushing, screening, concentrating, 
thickening. and flotation. A brief de- 


scription of the theory and practice of 
cyaniding follows with considerable oper- 
ating data. 


“Fuels and Refractories,” 
primarily of interest to the furnace man, 
describes the properties of the major fuels 
and refractories used in metailurgical and 
chemical operations. Mechanical engi- 
neering data on construction is included 
with tables concerning the handling of 
solids, liquids, and gases. The largest sec- 
tion of the book is devoted to general 
metallurgy. The constitution of about 
1300 alloys is given and various data on 
reduction and refining of the common 
metals, properties of slags, mattes, etc. 
In the final section a few pages are given 
to the physical and chemical constants of 
the more common organic compounds, 
followed by instructions in first-aid treat- 
ment. 

The physical data of the chemical com- 
pounds, both organic and inorganic, are 
so brief that from the chemical point of 
view the book will not appeal to the chem- 
ist because of the more extensive hand- 
books available. For the metallurgist the 
chemical tables are quite sufficient. 
Written from the metallurgist’s point of 
view this volume, containing a most com- 
plete accumulation of facts of metallurgi- 
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cal physics and chemistry in table form, 
will be of inestimable value to the man 
primarily a chemist and secondarily a 
metallurgist. 

CROSLEY F. BAKER 


PEARSON MEMORIAL LABORATORY 
TuFTS COLLEGE, Mass. 


MISCELLANEOUS PUBLICATIONS 


Doctorates Conferred in the Sciences by 
American Universities, 1929-30. Com- 
piled by CaLLre Hutt and CLareEnce J. 
WEstT. Reprint and Circular Series of 
the National Research Council, No. 95. 
National Research Council, Washing- 
ton, D.C., 1930. 49 pp. 17 X 25cm. 
$0.50. 


Victor Directory of Film Sources. Victor 
Animatograph Corporation, Davenport, 
Iowa, Second edition, Dec., 1930. 48 
pp. 14X19.5cm. Gratis. 


The purpose and scope of this volume is 
adequately described in the foreword here- 
with quoted: 

“Although the need has long existed, 
this is believed to be the first attempt ever 
made to provide a complete, accurate list- 
ing of all known sources of 16-mm. films 
exclusively. 35-mm. (professional stand- 
ard) films are not listed in this directory as 
it is intended only for the benefit of users 
of 16-mm. motion picture projectors. 

“The Directory is being published en- 
tirely at the expense of the Victor Anima- 
tograph Corporation. No charge has 
been made for the listings, and distribu- 
tion is free to owners and prospective 
owners of 16-mm. equipments. The in4 
formation contained herein may be ac- 
cepted as being strictly impartial, as the 
Victor organization does not produce or 
distribute films of any kind, and is not 
financially interested in any producing or 
distributing companies. 

“The Directory should prove highly ac- 
curate as great care has been exercised in 
its compilation. The first edition, which 
was published in May, 1930, contained 
surprisingly few errors. This, The First 
Revised Edition, has been so carefully 
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corrected and appended that it is believed 
to be the most authentic and accurate 
film listing in existence. 

“The Directory will be kept constantly 
up to date, and further revised editions 
will be issued as often as necessary. 
Copies of the revised editions will be sent 
only to those requesting that their names 
be kept permanently on the Directory 
Mailing List. 

“The tremendous demand for the first 
edition, the hundreds of commendatory 
letters that have been received praising 
the achievement, and the lack of even a 
single criticism of the construction of the 
Directory would seem to indicate that we 
‘builded better than we knew.’ No effort 
or expense will be spared in making future 
editions equally as useful and as worthy 
of praise.” 


Publications of the Bureau of Educational 
Research. University of Illinois Bulle- 
tin, XXVIII, No. 21 (Jan. 20, 1931). 

A list of bulletins and circulars issued by 
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the Bureau of Educational Research of 
the University of Illinois. Single copies 
may be had on request. Address Walter 
S. Monroe, Director, Bureau of Educa- 
tional Research, University of Illinois, 
Urbana, IIl. 


Record of Current Educational Publica- 
tions. Comprising publications re- 
ceived by the Office of Education, 
January-March, 1930. Compiled by 
MartTHa R. McCase, Acting Chief, 
Library Division. U. S. Dept. of the 
Interior, Bulletin, 1930, No. 15. U.S. 
Government Printing Office, Washing- 
ton, D. C. (For sale by the Superin- 
tendent of Documents, Washington, 
D.C.) 46 pp. 15 X 23cm. $0.10. 


Publications Available September, 1930. 
U. S. Dept. of the Interior, Office of 
Education, Washington, D. C. U. S. 
Government Printing Office, Washing- 
ton, D. C., 1930. 29pp. 15 XK 23cm. 
Gratis. 


New Anesthetic, Avertin or Tribromethanol, Used in Eye Surgery. Successful use 


of the new anesthetic, avertin, in certain kinds of eye operations is reported by Dr. 
W. H. Wilmer of the Johns Hopkins Hospital and University in a communication to the 
American Ophthalmological Society. Avertin is known chemically as tribromethanol. 
It was developed in Germany by Dr. Richard Willstatter of Miinich and Dr. Duisherg of 
Jena. 

The new anesthetic has many advantages over ether and is equally safe for certain 
types of surgery. It is injected instead of being inhaled and is given while the patient is 
in his bed. He quickly falls into a deep sleep and awakens hours after the operation. 
The preliminary period of excitement and nervousness is eliminated, as well as a good 
bit of the post-operative pain and discomfort. Vomiting is infrequent after awakening 
from avertin anesthesia. 

From the surgeon’s viewpoint avertin has the added advantage of giving thorough 
relaxation and there is less bleeding. Pulse and breathing rate are only slightly changed 
and the blood pressure is lowered a little. 

‘Where general anesthesia is required, avertin is a safe and valuable addition to 
the list of drugs used in ophthalmic surgery,’’ Dr. Wilmer said. He pointed out that 
avertin cannot be used safely where the patients are aged or very weak or when certain 
diseases are present. 

The preparation and administration of the drug require the attention of a member 
of the hospital staff, either doctor or competent anesthetist, who must give most of his 
time to this duty.— Science Service 





